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ffsAi^l States, of Amricar F. Lucas^ tai. of the ml Sutrict* hath 



. __ deposited in this office the title of a Book, the right whoe- 
of he claims as Proprietor ; in the words foUowing» to wit :— 

'* A Treatise on Practical Surveying ; which is demonstrated from its 
first principles. Wherein every thin^ that is Disefiil and Curious in that 
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Corrected and Adapted to the use of Schools, American Surveyors, &c. 
by John D. Craig." 
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ADVERTISEMENT. 



THB i»resent edition of Gibson^ Sitfveying, 
being intended for the use of schools;, as well 
as fop the American reader and surveyor in 
general, several alterations have been made 
in various parts of the work. Useless calcu- 
lations have been either abridged, or entirely 
omitted, and a number of new examples for 
calculating surveys, and dividing of land, 
substituted in their room. Different parts of 
those calculations ai*e designedly omitted, for 
the better exercising of the learner. And it is 
presumed, the arrangement of the plates will » 
be found highly advantageous, both for the 
eonvenience of the reader and the preservation . 
of the book. The press has been carefully 
corrected, and it is hoped that the work is as 
free of such errors as any publication of the 
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PREFACE. 



1 HE word geometry imports no more tiftn to mea- 
mre the earthy or to measure land ; yet in a larger and 
more proper sense^ it is applied to all sorts of dimen- 
sions. It is generally supposed to have had its rise 
among th^ EgyptianSy from the river J\rUe^8 destroy- 
ing and confounding all their land-marks^ by its an- 
nual inundations^ which laid them under the necessi- 
ty of inventing certain methods and measures to ena- 
ble them to distinguish and adjust the limits of their 
respective grounds^ when the waters were withdrawn. 
And this opinion is not entirely to be rejected^ when 
we consider that Moses ^s said to have acquired this 
art when he resided at the Egyptian court. And 
AchUles Tatius in the beginning of his introduction 
ijoJlratu^s PhtBnomenoy informs us, that the Egyp- 
tians were the first who measured the heavens and the 
earth (and qlpburs'e the earth first) and that their 
science in this matter, was engraven on columns, 
and by that means delivered to posterity. 

It is a matter of some wonder, that though survey- 
ing appears to have been the first, or at least one of the 
first of the mathematical sciences, that the rest have 
met with much greater iu^jrovements from the pens of 
the most eminent mathematicians, while this seems to 
have been neglected ; insomuch that I have not been 






VI PREFACE. 

able to meet with one author^ who has sufficiently ^L" 
plained the whole art in its theory and practice ; ixst 
the most part^ it has lioen InoiMied of in a practical 
manner only ; and the few who have undertaken the 
theory^ have in a great meafiure omitted the practice. 

Thesc^considerations induced me to attempt a me- 
ihocUcal^ eas;^, and clear course of Surveyings how 
&r i have succeeded in it, arast be detecmioed by th0 
impartial reader : the stcpi 1 have taken to rondtf 
fhe wliole evident and familiar ace ou follow : 

In section the first, yen fcave decimal fractions, 

« 

tlie square root, geemetrioal definitions some neces- 
sary theorems ^eiidprobleipMi.; with the natuve ms^ 
use ef ihe tebles t»f lesuffithiBi wunbers, sine% tan- 
gents, and secaafts. 

The second eecliiHitontainsfiUuieii^onometiy right 
flagled «3td Clique, with its i^pplicatioa in determin- 
Hig the measures ef inMoeasible lieights iind4ist|Micesi 

* 

The third seetoi gMs an*ac6oaii4mi|die chains and 
iMAsnres used in Oreat-Brntrnm ^ualrdavds me<- 
thods of surveying and of taking inaccessib^ distan- 
ces by the chain only, with some necessary problems | 
also a particular deser^tion ef the 48everal instra* 
meiits uaed in surveying, wdih ihetr selective uses* 

The feurth section contains two methods of findii]^ 
tibe weas of m^ps from ibeir geemetrkal construction^ 
more concise tha» ^off JtWRttMore w^ {AibUck* 
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Vim fiAto tm^fyfa o#Mteki» m wtWy moA snicft moMr 
cMein aatliodt af ddtormiBing the areas of murejB 
fiMM» tbeilBlA-fletesv ^ 1^7 cakulatiMi'ttias My Mtheito 
piMkdMd ;i MdBventDfe ta assert that it is impassibki 
(from the nature of right^fittedt figures) that tmj me«- 
thod or methods more concise than this, can be investi- 
gated. • 

To these methods is annexed a short table of diffeiw 
ence of latitude and half departure, to every degree 
and quarter of a degree of the quadrant, the stationary 
distance being one chain ; which will be found as ready, 
by a little practice, and perhaps more ezact^ than 
those already published. 

Truth calls upoiyne to acknowledge, that the me- 
thods by calculatft6n, herein set forth, got their rise 
from those of the late Thomas Burghy esq. who first 
discovered an universal method for determining the 
areas of right-lined figures, and for which he obtained 
a parliamentary reward. I hope therefore it cannot 
be construed* as an intention in me to take from his 
great merit, w1m|'I say, that the methods herein con- 
tained are muJKiore concise and ready t|ian his. 

Section the sixth contains the nature of off-sets, and 
the method of casting them up by the pen : the nature 
and application of enlarging, diminishing, and con- 
necting of maps : variation of the compass by ampli- 
tudes and azimuths, with some of its uses ; to which 
is added, a table of the sun's declination : how to 
find by what scale a map is laid down^ havjin^ th^ 
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map and area given : how to find the content of ground 
that is surveyed by a chain that is too long or too 
short : the method of dividing lands : And the whole 
concludes with some necessary directiwis and ra« 
marks ^n surveys in general* 
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SECTION I. 

Containing Decimal FracHtrM^ the Square Boat, 
Geometrical Definitions, Theorems and Problems: 
with the JCature and Use of the TahUs of Loga- 
rithm J^Tumbers, Sines, Tangents, and Secants. 

DEFINITION. 

Surveying^ is tiiat art which enables us to give a 
plan^ or just representations^ of any piece or parcel 
Qf land and to determine the content thereof^ in such 
measure as is agreeable and customary to the country 
or place where the land is. 

This science depends on some parts of the mathe- 
maticks^ whic)i must be known before we can treat of 
it^ wherefore we shall begin with 

DECIMAL FRACTIONS. 

If we suppose unity^ or any one thing tolbe divided 
into any-a^^gse^ number of equal parts^ this number 
Is called the denominator ; and if we chuse to take 
any number of such parts less than the whole/ this is 

called the numerator of a fraction. 

8 
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10 D&CIliAL FRACTIONS. 

The numerator in the vulgar form is always wrote 
over the denominator^ and these are separated by a 
small line thus r^^ or -/j jSSSS2Jor> *k® first of these cal- 
led 9 twelfths^ and the latter 7 twelfths of an inch^ 
yard, perch, &;e. or of whatever the whole thing ori- 
ginally was. 

Fractions are expressed in two forms, that is, either 
vulgarly or decimally. 

All fractions whose denominators do not consist of 
a cypher or cyphers set after unity, are called vulgar 
ones, and their denominators are always wrote under 
their numerators. The treating of these would be 
foreign to our present purpose. But fractions whose 
denominators consist of an unit prefixed to one or more 
cyphers, are called decimal fractions ; the numera- 
tors of which are written without their denominators, 
and are distinguished from integers by a point pre^- . 
ed : thus -f^ ^/^ and -^^/^ in the decimal form^ are 
expressed by .8 .48 .178. 

The denominators of such fractions always consist^ 
ing of an unit, prefixed to as many cyphers as there 
are places of figures in the numerators, it follows, thai 
any number of cyphers put after those numerators, 
will neither increase nor lessen their value : for ^^^ 

^Ytt ^^d tVtit "® *^J. ^^ *^^ same value : and will 
stand in the decimal form thus .3 .30 .300 ; but a cy- 
pher or cyphers prefixed to those numerators, lessen 
their value in a tenfold proportion : for xV Tinr ^^^ 
^^y^ whic!5 in the decimal form we denote by .3 .08/ 
and .003, are fractions, of which the firsit is ten times 
greater than the second ; and the second ten times 
greater than the third. 
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UfEdiifiiAt Fractions* 11 

Hence it appears that as ibe vala€ and denomina- 
tion of any figure or numbers of figures in common 
a^thmetick is enlarged^ atid becomes ten or an hun- 
dred^ or a thousand times greater^ by placing one, or 
two, or three cyphers after it ; so in decimal arith- 
meti£k/ the valu6 of any figure or number of figures, 
decreases, and becomes ten, or a hundred, or a thou- 
sand times less, while the denomination of it increa- 
ses, and becomes so many times greater, by prefixing 
one, or two, or three cyphers to it ; and that any 
number of, cyphers, before an integer, or after a de- 
cimal fraction, has no effect in changing their values* 

Integers. Decimals. 



127163 518^867 

•m liN «fc- £ -* 

s s ^ ji ji 

p^ fl4 fki p^. fi^ 

m • 

ADDITION OF BICIHALS. 

Having placed those figures which are equi-distant 
firom the point (as well integers as fradKons) under 
each other^ add them as if they were integeni* 
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EXAMPLES. 



Add 4.783S 8.S543 7>8S51 6.08 S.857 and 8.!801 
together. Place them thos^ 



4.783S 
8.S54i3 
7.8S51 
6.03 

18.857 
3.S51 


/ 




Answer 88.0006 


i 


Add6.S 1S1.306 
1S1.306 

.75 

• S.7 
.0007 


.75 


i7 and .0007 together 

ft 



Answer 130.9567 



Whaiis thesainof6.(^ 1.0186 .75 146.5 8.7 
526. 3.9? Und .0»ri ? ^ 

« Answer 693.5431. 



What is the sum 6f 4.51 146.071 .507 .0006. 132. 
63.71 .507 79 and .10718 ? v 

Answer 354.31878. 
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i DECMAL FRACTIONS. 18 



SUBTRACTION OF DECIMALS. 

Qaving placed the- figtires which are equi-distant 
from the pointy under each other^ deduct as if they 
were integers. 

r 

EXAlfPLES. 

From 88.765 take .20.3741 
Sd.3741 



Answer 13.3909 



From S.4 take .847S 

.84rs 



M*l 



1.0588 



From 71.40 take 8.4837S48 

Answer 62.966S75t. 
From 84 take 8S.341S 
Answer 1.6088 

MULTIPLICATION OF DECIMALS. 

Place the multiplicand and multiplier^ alter any 
manner under each other ; and lu^ving multiplied as 
in whole numbers^ cut off as many places of decimals 
in the product^ counting from the right hand towards 
th6 left^ as there are in the multiplicand and multi- 
plier ; but if there be not a sufficient number of places 
in the product^ the defect may be supplied^ by pre- 
fixing cyphers thereto. 
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14 DECIMAL FftACTtONS. 

For the denominator of the product^ being an unit^ 
prefixed to as many cyphers^ as the denominators of 
the multiplier and multiplicand contain of cyphers^ it 
follows that the places of decimals in the product will 
be as many as in the numbejrs from whence it arose. 

EXAMPLES, ^ 

Multiply 48.765 by .003009 
.008609 



438885 
39S590 
146S95 



Answer .175998885 



Multiply .121 
by .14 






Answer .01694 



Multiply 18i.6 by S.7» 
18.76 



7896 
8613 
94)33 



Answer 83S.616 



DECIMAL J'RACTIOKS. Iff 

\ 

Maltiply .0089789 by 1085 
Answer 9.74S1065 

Multiply .i848723 by •18587 
Answer .03379399401 



DIVISION OF DECIMALS. 

Having divided as in whole numbers^ annexing cy- 
phers to the dividend if they be wanted ; the decimal 
places in the divisor and quotient must be equal to ' 
those in the dividend^ and the defect supplied by pre- 
fixing i cyphers to the quotient 

For the dividend is a product^ contained under the 
divisor and quotient; and that product contains as 
many places of decimals as the numbers do from 
whence it arose; therefore^ the diiSerence between 
the number of decimals in the dividend and divisor^ 
^ inust be cut off in the quotient. 

EXAMPLES. 

Divide .144 by .18 
.lS).144(l.g 



16 DECIMAL FBACTI0M8. 

Divide 68.7M134960M by fffiS 
Sri8)63.7iM<13l!56tfiM(.029«l!9»rar9 

9364 



ISlOi 



18893 



14814 



6849 



8096 

86609 
81478 



84168 



Answer .08344588979 

There being 11 decimal figures in the dividend^ 
and none in the divisor, 11 figures are to be cut off in 
the quotient ; but as the quotient itself consists of but 
10 figures, we prefix to them a cypher to compliete 
that number. 

Divide 1.788 by .018 
.018)1.788(144 
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Because ib» number of d«d»Mil figures in the divi> 
8or and ^vidend^ are alike, the quotient will be 

Divide S.00000 by 3.1416 
d;i>4f 6)S.OddOOt.6d6610 

MMm i'i m i l 

207980 

4 1 I *i i4 

ig^aio 

57440 



S60iMO 



801S 



HKei^ being 4 decimal figures in the divirovi an^ 
10 iiticlading ttie cyphers brought* down in tfaeiii;^!^ 
dend^ the difference^ which is 6 figures^ to be Qul fpff 
in the quotient 



Divide 87446()ri by .004387. 

Answer 199.33. 
Pivide .634673 by 4S2. 

Answer .OQlStdSl 
Divide 66.993546 by 

Ansur^r S.4490S. 
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IS ]>«eilCAL MACTIOHS'. 

PBOB, I. 

To reduce a Vulgar Fraction to a decimal one cf tt^ 

same Value. 

Having annexed a sufficient number of cyphers as 
decimals, to the numerator pf the vulgar fraction, di- 
vide by tbe denominator ; and the quotient thence ari- 
sing, will be the decimal fraction required. 

EXAMPLES. 

Reduce | to a decimal fraction. 
4)3.00( .75 Answer.- 

SO 



For I of one shilling, yard, perch, &c. is equal to 
one fourth of three shillings, yards, perches, &c. 
therefore if 8 be divided by 4, the quotient will be 
the answer. 

Reduce 4 to. a decimal fraction* 
S)S.0(.4 Answer. 

Reduce ^1 to a decimal fraction. 
29)12.00(48' Answer. 

200 



Reduce ^^^ to a decimal fraction; 
^ ^ Answer .t 146789. 
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DECIMAL FBACTIONS. 19 

^ROB. II. 

To find the Valus of a decimal Fraction, in the 

known Parts of the Integer. 

Multiply the decimal proposed into the number of 
tqual parts contained in the integer^ and the product 
will be the number of such parts as are expressed by 
by the fraction. 

What is the value of .S9 of a pound sterling ? 

SO 



Answer shillings 9.00 

For .Sd or ^VV ^^ ^^^ pounds is equal to the one 
hundredth part of S9 pounds^ or of the shillings in 25 
pounds^ which are 500 ; therefore the one hundredth 
part thereof will be 9 shillings; which is effected by 
cutting off the two cyphers^ for the two decimals^ by 
a. point, 

- What is the yalue of .385 of a pound sterling ? 

ao 



Shillings 7-700 

it 



Pence 8.400 

4 



Farthings 1.600 



What 18 the value e^f .48 «f a chain <tf 00 links ? 

00 
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Answer links S4<.00 



What is the vvlneof Jgm^ of a ifaillingt> 



Peace 34*^69 



4 



Farthings i.TVTt 

I _ 

What is the value of •887 of a potlnd we^llt troy 5^ 

Oz. dwt. g^. 

Answer 8 6 SI 
HThai is the vahie gf M9%6 of a pmnd a'TOirdin* 

Ox. dwts. 

Answer 4 11 J. 



THE EXTRACTION OF THE SQUARE ROOT. 

A SQUARE number is the product of a number multi* 
plied by itself | and the number so multiplied^ is called 
the root of that square ; thus 9 is ii|04iqiian of 3^ and 8 
is the root of 9^ for 3 multiptted by 3 is 9. 

If a square number be given to find its root^ observe 
if the number of figures or places in the given square 



ibe ^d Mr tiM, if ^Acy lie oid^ §mi the Met of ihe 
irat %aro ; h«t if Any be eren^ eif tlie two first; hb- . 
•^r vrbkk place &e sipum of llist root^ asd deduct, 
flacuig the Boet ia the qui^iit, and bring down two 
IgnriM tip ibe nttaittder. 

Let the double of the aaid mot be made a divteor to 
all the figures of that last remainder, except the last ; 
|at the quotient thereof wkh the root, or former quo* 
lient; and having mttkifjiad it into tiie numbers so 
Cotmed, •doAuet the product from the foregoing figures 
prtesolfettd; and in like manmnr proceed, till aU the 
igoiss of the ^tren oqaare are exhausted. 

If fliere be any deeimals in the given square, their 
mmber moiot be ep¥ien, or nnde so, befsM we begin to 
ind the loot^ by adding a ^rpher to the right hand ; 
aad for evety^ two places of deehaals in the square, 
let «ne tie cot off in Ate root* 

BXAMPliBS. 

1. WkaJt 19 iba square root of <las sqasM ipDlyer^ 

89,81,16(546 3^ 

104)481 * ^ 41k. 
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1086}.6S16 
6516 
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SB Xnh SQUAItS ROOT. 

Because the nmnber of flgarefi in the given sqnaire 
number is even^ we find the nearest square number 
to the two first figures 29^ which is 26y the root where- 
of 6y we set in the quotient, and deduct 80 from S^ 
abd to the residue % we annex the following figures, 

81, so' we have 4Bi, for a resolvend. 

i 

The double of the first figure in the quotient being 
10, is then set as a divisor to 48, all the figures in the 
resolvend, but the last ; and finding it to be contained 
4 times, we annex the 4 to the divisor and quotient ; 
the then divisor, 104, is multiplied by the last figure 
in the quotient, 4, and the product 416 is deducted < 
from the resolvend 481, to the ressidue whereof is an- 
nexed the two following figures in the square, so we 
have 6316 for a new resolvend, to all which figures 
but the last we make 108, the double of 54, the figures 
in the quotient a divisor, and finding it will be con- 
tained 6 times, we place 6 in the divisor and quotient ; I 
the then divisor 1086 is multiplied by the last figure 
in the quotient 6, and the product being set under the 
resolvend and thence deducted, leaves nothing ; so is 
546 the root sought. i 

For if the root 946 be squared or multiplied by 
546^ the product will be the square number given* 
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THE SaUikRK ROOT. 

S. WM Wthe square root of 1710864? 

Root 

1,71^08,64(1308 Answer 
1 



«8).71 
69 



t608).30864 
80864 




S , 

-^^^x^ 



What is the square root of 8807!^^ ' 



. ') 



Heve being an odd decimal figure^ we annex any 
odd number of cyphers to make the decimal placet 
even; and then extracting the root as before^ wt 
thence cut off half the number of decimals that wt 
have in the square. Thus^ 

Root. 

3857.800000(62.107 Answer. 

36 ^ 

— — -lS 

• A9AA . . &\h^^ 
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1341 



^^^3r. 



^\Cft 



1»4S07)890000 -<T ? ^ ^ 

86944» ^v. ^ ^ 



MNvi 



\ 



.80001 



s^^:p c^ 



5 



r. 
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THB B^fJJOm BOOT. 



If to the s^ftre of t1ii« M0«. wt nM tlM HMna&nii^ 
figures 80551^ we shall have our gj^ven sqaaim, whose 
root was rcfqnired. 

What is the square root of 16007.8104» ? 
Answer 1S6.5S. 

What is the square root of 84i8.t73S0836 ? 

Answer 18.6094» 
What is the square root of iSM56789876M3«l ? 

Answer lllliliff. 

The application of this will hereafter be shewsu 
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DEFINITIONS. 

UTEOMETRT is that science wherein we con9ider the 
properties of magnitude. 

S. A point is position without magnitude^ as A. 

^ Jig' I' 

3. A line is length without 

breadth^ as AB. fig. 1. and S; 

4. The extremities of a line are points^ as the ex- 
> tremities of the line AB are the points A and B. 

9. A right line is the shortest that 
.Can be drawn between any two 

points^ as the line A- — ^ ^B. If 

it be not the shortest^ it is then call- 
ed a curve line^ as AB. fig. S. jC 



A. « 



6. A nperficeg^ or surface^ is 
that which has length and breadth^ 

without thickness, as ABCB. fig. 3. 

4 
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GEOMETRY. 

7. The extremities of a superfices are lines. 



8. The inclination of two lines 
meeting one another^ or the open- 
ing between them^ is called an an- 
gle. Thus fig. 4. the inclination of 
the line AB to the line BG meeting * 
each other in the point B^ or the 
opening of the two lines BA and 
BC; is called an angle^ as ABC. 



Note, when an angle is expressed by three letters, 
the middle one is that at the angular point. 



10. When the lines that form the 
angle- are right ones, it is then called 
aright-lined angle, as ABC. fig. 4. 
If one of them be right and the other 
curved, it is called a mixed-angle, 
as B. fig. 5. If both of them be cur- 
ved it is called a curved line or a 
spherical angle, as C. fig. 6. 

11. If a right line, CD. fig. 7- stand 
upon another right line, AB, so as to 
make the angles ADC, CDB, on 
each side, equal to each other, these 
angles are called .right angles, and 
the line CD a perpendicular. 



IS. An obtuse angle is that which is greater than 
a right one, as the angle AD£, j^g. 7* and an acute 
angle is less than a right one, as £1)B^ fig* 7* 




fg'^- 
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V 



13. Acute and obtuse angles in general are called 
•blique angles. 

14. If a right line CB^ iig. 8. be fastened at the 
end G^ and the other end B^ be carried quite rounds 
then the space comprehended is called a circle ; and 
the curve line described by the point B^ is called the 
circumference, , or the periphery of the circle ; the 
fixed point C is called its centre. 




15. The describing line CB. is called the semidiik-' 
meter, or radiusy or any line from the centre to the 
circumference ; whence all radii of the same, or of 
equal circles are equal. 

16. The diameter of a circle is a right line drawn 
through the centre, and terminated on both sides by 
the circumference ; arid it divides the circle and cir- 
cumference into two equal parts called semicircles f 
and is double the radius, as AB or D£, fig. 8. 



17. Parallel lines are such as are 
every where equidistant from each 
«th«r; as AB, CD. fig. d. 




A •^•'^ B 
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18. A figare is a space bounded by a line or lines. 

If the lines be right it is called a rectilineal figure^ if 

curved it is called acurvilineal figare ; but if they be 

partly right and partly curved lines^ it is called a 
mixt figure. 

19. The most simple rectilineal figure is a triangle^ 
being composed of three right lines^ and is consider- 
ed in a double capacity ; Ist^ with respect to its sides ; 
and 2d, to its angles. 



SO. In respect to its sides it is ei- 
ther equilateral^ having the three 
sides equals as A. fig. 10. 



Jig. 10. 




.SI. Or isosceles^ having two equal 
sides^ as B. fig. 11. 



SS. Or scalene^ having the three 
sides unequal^ as G. fig. IS. 



S3. In respect to its angles^ it is 
either right-angled^ having one right 
angle, as D. fig. 13. 



S4. Or obtuse angled^ having pne 
obtuse angle; as £. fig, 14. 




>&. 13* 
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25. Or acute angled^ having all 
the angles acute^ as F. fig. 10. 





- S6. Acute and obtuse angled triangles are in gene- 
ral called oblique angled triangles^ in all which any 
side may ^be called the base, and the other two the 
sides. 

m 

27- The perpendicular height 
of a triangle is a libe drawn from 
the vertex to the base perpendicu- 
larly : thus if the triangle ABC, be 
proposed, and BG be made its 
ba^e, then if from the vertex A the 
perpendicular AD be drawn to 
BC, the line AD will be the height 
of the triangle ABC, standing on 
BG as its base, fig, 16. 

Hence all triangles between the same parallels have 
the same height, since all the perpendiculars are 
equal from the nature of parallel lines. 

5^. Any figure of four sides is called a quadrilate- 
ral figure. 

-SQ. Quadrilateral figures whose 
opposite ddes are parallel, are called [see Jig. 3. 
parallelograms : thus ABGD is a page £$•] 
parallelogram* fig* 3* 17* And fig. 
18. 19. 



>%. 17. 
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30. A parallelogram whose sides 
are all equal and angels right, is call- 
ed a square, as A£CD. fig. 17. 



91. A parallelogram whose opposite sides are 
equal and angles right, is called a rectangle' or an 
oblong, as ABGD, fig. 3. 

SS. A rhombus is a parallelogram ^-^^ - 

of equal sides, and has its angles /A / 

oblique, as fig. 18. ' ^ 

83. A rhomboides is a parallelo- ^a&J2: — 

gram whose opposite sides are equal / B / 

and angles oblique ; as B fig. 19. 



fg. 100. 



34. Any quadrilateral figure 
that is not a parallelogram, is 
called a trapezium, fig. 100. 




35. Figures which consist of more than four sides 
are called polygons : if the sides are all equal to each 
other, they are called regular polygons. They some- 
times are named from the number of their sides, as a 
five- sided figure is called a pentagon, one of six sides 
a hexagon, &c. but if their sides are not equal to 
each other, then they are called irregular polygons ; 
as an irregular pentagon^ hexagon, &c. 
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86. Four qnantities are said to be in proportion 
when the product of the extremes is equal to that of 
means : thus if A multiplied by D^ be equal to B 
multiplied by G^ then A is said to be to B as G is to D. 

POSTULATES OE PETITION'S. 

d* That a right line may be drawn from any one 
given point to another. 

S. That a right line may be produced or continued 
at pleasure. 

3. That froi|;i any centre and with any radius^ the 
circumference of a circle may be described. 

4. It is also required tbet the equality of lines and 
singles to others given, be granted as possible : that it 
is possible for one right line to be perpendicular to 
another^ at a given point or distance ; and that every 
magnitude has its half^ third^ fourth^ &c. part. 

INTote. Though these postulates are not always 
quoted, the reader will easily perceive where^ and in 
w]|at sense they are to be understood. 

V 

AXIOMS OR SELF-EVIDENT TBUTHS. 

1 . Things that are equal to one and the same thipg, 
lare equal to each other. 

Z, The whole is greater than its part. 

» 

I 
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THEOREM I. 



Xf « right line falls an another^ m 
JLBy or EB, does on C By (fig, 90. J 
it either makes with it two right angles, 
fnr two anglei eqifdl to two right angles, 

1, If AB be perpendicular to CD^ tlien |^y def. 
the angles CBA^ an4 ABP; wiU be each ^ t\ 
liDgle. 

S. But if EB fall slantwise on CD, then are 
imgles DBE+EBC=DBB+EBA (=DBA) +. 
or tp jtwo right angles, Q, E. U. 

Corollary 1. Whence if any number of right linea 
were drawn from one point, on the same side of < 
right line ; all the angles made by these lines will he 
raual to t^o right angles^ 

S, And all the angles which can be made about I 
pqint^ will be equal to four right angle^^ 
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THEOREM II. 




)D^r one ri^ht tine cross another foM 
does BDJ the ojpposU^ angles 
by those lines, tDiU be equai to 
other; that is, AEB to CED 
BEC to JtED. Jig. SI. 



By tfaeo^m 1. B£C+CfiD=S rigfhi angle*, 
and CED-f-DEAsS right anglesw 

Lcrefere (by ftxiom 1.) BEC+CED=OE»+DBA: 
:e CED frdm both and there remains BSGsDEA^ 
axiom fi.) Q. E. B. 

After the same manner CED+AED=r!B right an- 
is; and AEB+A.EB=S right angles; wherefore 
<'^'Ping AEB fromlioth;, there remains CSPsAiSH. 



THP0M«K Ih 



l^u ri^t tine croi$ twBfaral- j^^ 
Us, tM 0H iaes SM mi C» 




i. Tiieir external un^$ 0,re tpuA ig «wA (^hir^ 
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8, T%e alternate angles will H equal, that is, JUEV 
z:LEFlf and BEF^CFE. 

3. Tlie external angle tcill Ife equal to the internal 
and opposite one on the same side, that is, GEB:=^ 
EFB and JLEG^CFE. 

; < • • • 

4. ^nd the ^um of the internal angles on the 8am% 
side, are equal td^wo right angles f that is, JBEF+ 
BFE are equal to two right angles, and dJ^F+CFE 
are equal to two right angles* 

1. Since AB is parallel to GD^ they may be consi- 
dered as one broad line, crossed by another line^ as 

GH ; (then by the last theo.) G£B=iGFH, and AEGt 
=HFI). / 

3. Also GEB= AEF, and CFB=£FD ; but GEB 
:;=CFH (by part 1. of tbis theo.) therefore A£F=: 
£FD. The same way we prove FECsiEf'B. 

3. A£F=EFD ; (by the last part of this theo.) bat 
AEF=GEB (by* theo. S.) Therefore GEB=£FJD, 
The same w«y yfe proye AEG=CF£. 

^. For since G£B=EFD, to both add FEB, then 
(by axiom 4.) GEB+FEB=EFP+FEB, but GEB+ 
FEBy are equal to two right angles (by theo t.) Therer 
fore EFD+FEB are equal to two right angles ; after 
the same manner we jArove that AEF-f GFE ere equal 
to two right angles. Q. E. D* ' 
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THEOREM IV. 



In any triangle •iBC^ one of its 
UgSy as BCj being produce^ to- ^ ^'% 

wards S, it will make the external /\ / 

angle ACB equal to the two internal sZ..*....mC.»«i^ 
opposite angles taken together. Vix. 
id B and A. fig. Sd.* 

Tbro' C^ let C£ be drawn parallel to AB; then 
since BD cuts the two parallel lines BA^ CE ; the an* 
gle BGD^B (by part* 3. of the last theo.) and again^ 
since AG cuts the same parallels, (he angle AGE^rA 
(by part 2. of the last.) Therefore EGD+ACE^rAGD 
==B+A. Q. £. D. 



THEOREM \% 



In any triangle JiBC, all the three angles taJcen to- 
gether are equal to two right angles j vixj A+B^iJiCB 
sS right angles, fig. S3. 

Produce BG to any distance, as D, then (by the 
last.) AGD=B+A; to both add AGB; then AGD+ 
AGB=A+B+ACB ; but AGD+ACB=2 right angles 
(by theo. 1.) therefore the three angles A+B+AGB 
=8 light angles. Q, !E2. D. 

Gor. 1. Henceif one angle of a triangle be ^nown, 
jhe sum of the other two is also known : for since the 
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tliree angles of etery triangle contain two right one^^ 
or 180 degrees^ therefbie 180~*4he given angle will 
be equal to the sum of the other two ; or 180-^the 
sum of two given angles^ gives the other one. 

Ccft. S. In every right-angled triangle, Uie twd 
acute angles are:=:80 degrees, or to one right-an^ : 
<&eref(H!e 90-^one aciite angle, gives the othoT; 

THEOREM Yt. 

If in any two triangieWf ABC, 
BEfI tiiere be two $iiB$ AB, AO 
m the onBf severattg eqwd toDB, 
DF in ike othBr^ ojidthB angle A 
contained between the two iidea 
in the one^ equal to in the 
other ; then the remaining angles 
of the one, will be severally equal 
to those of the other, tiz* Br.JE 
and C:=F: and the base of the 
one BC, will be equal to EF, that 
Sfihe other, fig. S*. 

If the triangle ABC be ftiq>po9ed to be laid on Iha 
triangle DEF, so as to make the points A and B coin* 
cide with D and £, which they will Ao, biMcanse AB 
±=D£ (by the hypatheffUi) ; aiid since the aa^ Aa:9, 
the line AG will fall alung DF^ and inasmuch as 
they are supposed equal, C will fall in F ; sering 
therefore the three points of one coincide wiCh 4hose 
of the other triangle, they are manifestly equal to each 
other ; therefore the an^ B=fi and €=;F^ and BG 
=EF, Q. E. D. 




T0£O1ie«|». 
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LiE MM A « 

^*iwB 9iie9 ^u trimgle a b e 
H efttal id cocA i^thtr ihttt is, flc= 
eh ; the angles which are opposite 
to those equal sides, will also he 
^ualtQ each other; viz. a^h.fig. 11. 




For lei the triangle a b c be divided iotp two trian- 
gles a c d^ d c b^ by making the angle a c d~d c b (by 
postulate 4.) then because a c;=:b c^ and c d con^mon 
(by tke last) the triangle a d c==d c b ; and therefore 
the angle a=:b. Q; £. D. 

Gor, Hence if from any point in a perpendicnl^r 
phJK^ beseqts 9^ ^ven Iiq^^ thare ]be draw^i right lines 
\a th^ extreaiitiids qt the givei| one, tbey with it will 
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TheMnS^ BCBm^ik^mntif^ §f 
a circk.^$BED is Mkhthi^aii^h 
JktD at thB jurcuw^^smej ^^tKEkndr 
tug upon ih$ same mP^'MMH^ J^. 

Through the poini J^ ma i}^ c^j^ ^j ^^awiim 
line ACE : then the angle MtiD^CAJO^DA j {fcy 
theo. 4.) but since AC=GD being radii of the same 
circle^ it is plain (by the preceding lemma) that the an- 
gles subteuded by them will be also equal^ and that 
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their sum is double to either of theni^ that is^ DA(j+ 
A!pG is double to GAD^ and therefore EOD is double 
to CAB ; after the same manaw BC£ is doubk to 
GAB^ wherefore, BGE+EGD, or BGD is double to 
BAC+GAD or to BAD, Q.JB. D. 

Gor. Hence an angle at the circumference is mea* 
sured by half the arc it subtends or stands on. 



Gor. S. Hence all angles at the 
circumference of a circle which 
stand on the same chord as AB, are 
equal to each other, for they are a^ 
measured by half the arc they stand 
on, viz. by half the arc AB« fig. 




Gor. 3. Hence an angle in a segment greater than 
a semicircle is less than a risht angle ; thus ADB is 
measured by half the arc AjB, but as the arc AB is 
less than a semicircle, therefore half the arc AB, or 
the angle ADB is less than half a, semicircle^ and 
consequently less than a right angle, fig. S6. 



Gor. 4. An angle in a segment 
less than a semicircle, is greater 
than a right angle, for since the arc 
AEG is greater than a semicircle, 
its half which is the measure of the 
angle ABG, must be gr^sr than 
half a semicircle, that is, greater 
than a right angle, fig. @7. 
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Cot. 5. An angle in a semicir- 
cle is a right angle^ for the mea- 
^ sure of the angle ABD^ is half of a 
aeteieirele AED^ and therefore a 
right angle, fig. 28. 
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If J^om the centre Cofa circle 
SBEf ikere he let foil the peirpen" 
iicidar CD on the chord JlB^ it tcill 
Msect it in the point JD. fig. SO. 



Let the lines GA and GB be drawn from the cen- 
ter to the extremities of the chords then since G As 
GB, the angle GABr^^GBA (by the lemma.) But the 
Mangles ADG^ BDC are right angled ones^ since the 
line GD is a perpendicular ; and so the angle AGD 
sDGB } (by cor. 2. theo. ft.) then have we AG, CD, 
aad the angle AGD in one triangle ; severally eqnal 
to GB, GD, and the angle BGD in the other ; there^ 
fore (by theo. 6.) A=DB. Q. E. D. 



Ccnr. ^ Hence it follows^ that any line bisecting a 
chord i^t right angles, is a diameter ; for a line drawn 
from the-centre perpendicular to a chord, bisects that 
chord at right angles ; therefore, conversely, a lin« 
bisecting a chord at right, angles must pass through 
me centre^ and consequently be a diameter. 



6 
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THEOREM iX. 

If from the centre of a circle %OLBE there be dram 
n perpendicular CD on the chord JiB^ and producei 
till it meets the circle in t\ that lyne CF^ will biiect 
the arc AB in the point F. fig. 39. 

Let the lines AF and BF be drawn, then in the tri- 
angles ADF, BDF : AD=BD (by the last;) DF is 
common, and the abgle ADF^BDF being boUi rights 
.for CD or DF is a perpendicular. Therefore (b/theo. 
6.) AF.~FB ; but in the same circle, equal lines arc 
chords of equal arcs, since they measure them (by def. 
19.) whence the arc AF=FB, and so AFB is bisected 
in F, by the line CF. 

Cor. Hence the sine of an arc is half the chord of 
twice that arc. For AD is the sine of the arc AF 
and AF is half the arc, And AD half the chord AB 
(by theo, 8.) therefore the cor. is plain. 



THEOREM X. 



J 



\ 



A. 30. 



In any triangle •IBDy the half 
of each side is the sine of the oppo- 
site angle* fi^. 30. 



Let the circle ADB be drawn thro' the points A, B, 
D ; then the angle DAB is measured by half the arc 
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BKD (by cor. 1. theo. 7-) viz. the chord of BK is the 
measure of the angle BAD ; therefore (by cor. to the 
last) BE the half of BD is the sine of BAD ; the same 
way may be proved, that half of AD is the sine of 
ABD^andthehalfofABthesineofADB. q. E, D. 



THEOREM XI. 



J^-n, 




If a right line GHcut two other 
right lines JUB^ CD, ao a8 to make ^j 
the alternate angles AEF, EFD 
equal to each other, then the lines 
AB and CD will he parallel, jig. 22 , . 

If it be denied that AB is parallel to CD, let IK be 
parallel to it; then IEF:=(FED)=AEF (by part 8. 
[ theo. 3.) a greater to a less, which is absurd, whence 
IK is not parallel j and the like we can prove of all 
other lines but AB ; therefore AB is parallel to CD. 
% E. D. 



THEOREM, XII, 




If two equal and parallel lines 
•iB, CD be joined by two other lines 
tiD, jBC, those shall be also equal 
mi parallel, jig. 3, 

Let the diameter or diagonal BD, be drawn and we 
willjiave the two triangles ABD, CBC , whereof AB 
iu one is ==: to CD in the other, DB common to both, 
aad the an^le ABD=CDB (by part 2. theo. 3.) there- 
fore (by theo. 6.) AD=CB, and the angle GBD= 
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ADB, md thence the lines AD and BC are pamllel 
by the preceduig theorem. 

Gor. 1. Hence the quadrilateral Hgure AB(!D is a 
parallelogram^ and the diagonal BD bisects the same, 
in as much as the triangle ABDsBDG^ as now proved. 

Gor. S. Hence also the triangle ADB on the same 
base AB, and between the same parallels with the pa^ 
rallelogram ABCD^ is half the parallelogram. 

Gor. 3. It is hence also plain, that the opposite 
sides of a parallelogram are equal ; for it has been 
proved that ABGD being a parallelogram, AB will 
hec=CJ) and AD==:BC. 




THEOREM XIII. 

Ml parallelograms on the same or 
equal hoses and between the same 
parallels, are eqtml to one another^ 
that is, if BB^GHy and the lines 
BH and JlFparaUel, then the paral- 
lelogram ABBC^BBFE=EFHG. 

For AG=1)B+EF (by cor. the last ;) to both add 
C% then AE=GF. In the triangles ABE, CDF : 
AB=CD and AE=GF and the angle BAE^DGF 
(by part 3. theo. 3.) therefore the triangle ABE= 
GDF (by theo. 6.) let the triangle GEE be taken from 
both, and we will have the ttapezenm ABKG=KD 
F£ ; to each of these add the triangle BED, then 



ii. 
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the pwallelograu ABC^rinBDEF ; m like maimer 
we may prove the parallelogram £FGHs=BD£F. 
Wherefore ABGDsBD£F=;£FHG. Q. £. D. 

Cor* Hence it is plain that triangles on the same 
or equal bases and between the same parallels^ are 
equals seeing (by cor. S. theo. 18.) they are the 
halves of their ret^pective parallelograms. 



THEOREM XIV. 

In emrtf right-angled triangle^ 
JtBCf the square of the hj/pothe- 
nuse or longest side^ BC, or 
BCJUH, is equal to the sum of the 
squares made on the other two 
sides JIB and AC^ that isy to 
ABDE and JLCGF. fig. 32. 




ffxTSt 



Through A draw AKL perpendicular to the hypo- 
thenuse BC, join AH, AM, DC and BG ; in the tri- 
angles BDG, ABH, iOzsiBK being sides of the same 
square, and also BC=BH, and the included angle 
DBC=ABH, (for DBAzrCBH being both right, to 
both add^ABC, then DBG=:ABH) therefore the tri- 
angle DBC=:ABH (by theo. 6.) but the triangle DBG 
is half of the square ABD£ (by cor. S. theo. 12.) and 
the triangle ABH is half the parallelogram BKLH 
(by the same ;) therefore half the square ABD£ is 
equal to half the parallelogram BKLH, and the 
square ABD£ equal to the parallelogram BKLH. 



J^.33. 
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The same way it may be proved^ that the square 
ACGF, is equal to the parallelogram KCLM. So 
ABDE+ACGF the sum of the squares, =:BKLiU-h 
KGML, the sum of the two parallelograms or square 
BCMH ; therefore the sum of the sqnares on AB and 
AC is equal to the square on BC. ^^. E. D, 

i 

Cor. 1. Hence the hypothenuse of a right-angled \ 

triangle may be found by having the legs ; thus, the 

square root of the sum of the squares of the base and 

perpendicular, will be the hypothenuse. 

Cor. 2. Having the hypothenuse and one leg given 
to find the other ; the square root of the diflbrence of 
the squares of the hypothenuse and given leg, will be 
the required legv 

THEOREM XV. 

In all circles the chord of 60 degrees is olwans 
equal in length to the radius. 

\ 

fTius in the circle JLEBDy if the 
arc AEB be an arc of 60 degrees^ 
and the chord mAB be drawn; then 
AB=.CB^AC. fig, 33. 

In the triangle ABC, the angle ACB is 60 degrees, 
being measured by the arc AEB ; therefore the sum of 
the other two angles is ISO degrees (by cor. theo. 5.) 
but since AC=CB, the angle C AB=CBA (by lemma 
preceding theo. 7-) Consequently each of them will be 
60, the half of ISO degrees, and the three angles wiH 
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be equal to one another, as well the three sides, 
wherefore AB=BG=AC. Q. E. D. 

> 

Cor. Hence the radius^ from whence the lines on 
any scale aire formed^ is the chord of 60 degrees on 
the line of chords. 

THEOREM XVI. 

If in two triangles JtBC^ abcy all the angles of one, 
he each respectively equal to all the angles of the other, 
that isy A=a, B=hy C=zc : then the legs opposite to 
the equal angles will be proportional, viz. fig. 34*. 

JIB : ah : : AC : ac 

JB : ah : : BC : he 

and AC .- ac : : BC : he 



\ 




For. the triangles being inscribed in two circles^ it 
is plain since the angle A=a, the arc BDG^bdc^ and 
consequently the chord BC is to b c, as the radius of 
the circle ABC is be to the radius of the circle, a b c ; 
(for the greater the r&dius is, the greater i^ the cir- 
cle described 1^ that radius;* and consequently the 
greater any particular arc of that circle is, so the 
chwd, sine, tangent, &c. of that arc will be also 
greater. Therefore,^ in general, the chord, sine, tan- 
gent, &c. of any arc is proportional to the radius of the 
circle) the same way the chord AB is to the chord a b. 
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in the same proportion* So AB : ab : : BG : be : tbe 
same way the rest may be proved to be proportional*. 



THEOREM XVII. 

If from a paint A without a circle DBCE there be 
drawn two lines ADEy JiBC, each of them cutting th» 
circle in two points ; the product of one whole line 
into its external party mxj AC into AB, wiU be equal 
to that of Ike other line into its external party vi%^ 
AE into AD. fig. B6. 




/ 



Let the lines BC^ BE be drawn in the two trianglee 
ABE, ADO ; the angle AEB=ACD (by cor. S- theo. 
7.) the angle A is common, and (by cor. 1. theo. 5.) 
the angle ADG=: ABE ; therefore the triangles ABE, 
ADO, are mutually equi-angular and consequently 
(by the last) AO : A£ : : AD : AB ; wherefore AC 
multiplied by AB, will be equal to A£ multiplied 
by AD. Q- E. D. 

THEOREM XVIH. 

Triangles ABC^ BCl)^ and parallelograms ABCP, 
and BDECy hamng the same altitude^ have the same 
proportion between themselves as their bases AB and 
BJD. fig. 86. 
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Let any aliquot part of AB be taken, whicli will 
also measure Bl) : suppose that to be Ag, which will 
be contained twice in AB, and three times in BD^ 
ttie parts Ag, gB, Bh, hi, and iD being all equal, and 
let the lines gC, hC, and iC, be drawn : then (by 
eor. to theo. 13.) all the small triangles AgC, gCB^ 
BGh. &c. will be equal to each other ; and will be as 
many as the parts into which their bases were divi- 
ded : therefore it will be as the sum of the parts in 
one base, is to the sum of those in the other, so will 
be the sum of the small triangles in the first, to the 
sum of the small triangles in the second triangle ; 
that is, AB : BD : : ABC : BDC. 

Whence also the parallelograms ABCF and BDEC^ 
being (by cor. S. theo. 13.) the doubles of the trian- 
gles, are likewise as their bases. Q. £. D. 

^ote. Wherever there are several quantities coi^- 
nected with the sign : : the conclusion is always drawn 
from the first two and last two proportionals. 

THEOREM XIX, 

Triangles JLBC BEF^ standing upon equal bases 
AB and DJ^, are to each other as their altitudes QCr 
and FH. jig. 37. 

7 ' 
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Let BI be perpendicular to AB and equal to C6, 
in wWch let KB^FH, and let AI and AK be dr^wa 

Tbe triangle AIB=ACB (by cor. to tbeo. 48.) and 
AKB:=D£F ; but (by theo. 48.) BI : BK : : ABI : 
ABK. ThjU is, C© : FH : : ABC : DBF. Q. B- »• 



THEOREM X%, 



Jfe.Sf. 




If a right line BJi be drawn 
parallel to one side of a triangle 
tiCJif it U!iU evt the two other 
$ide» proportionally, vt^. «£B.* 
BC- : JE : ED. fig 38. 



Praw CE and BB ; tbe triangles BEC and EBB 
beii^/Qi tbe sAo^e base BE and under tbe sanie pa* 
rallel CD, will be equal (by cor. to tbeo. 43.) there- 
fore (by theo. 48.) AB : BC : : (BEA : BEC4)rBEA 
: BED) : : AE : ED. Q. E. D. 

Coy. •!. Hence ftlso AC : AB : : AD : AE ? For 

AC : AB: ; [ABC;' ABB : : ABD : AEB] ; : h»' 
AE. 
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Gov. S. It also appears that a right line^ which di- 
Tides two sides of a triaogle proportionally must be 
parallel to the remaining side. 

Cor. 3. Hence also theo. 16. is manifest ; since 
the sides of the triangles^ ABE^ AGD^ being equi- 
angular^ are proportional. 

THEOREM Xtl. 

If two triangles dBC^ dBE^ hnve one angle BJ.C^ 
in one^ equal to one angle DJLEy in the olher^ and 
the sides about the equal angles^ proportional^ that is 
AB : JLD : :AC : .SJEf then the triangles will he 
mutually equiangular, jig. 39. 




In AB take Ads^AD^ let d e be parallel to BO^ 
meeting AC in e* 

Because [by the first cor. to the foregoing theo.] 
AB : Ad : : [AD] AC : Ae, and [by the hypothesis^ 
or what is ^ven in the theorem] AB : AD : AC : 
AE ; therefore A^= AE seeing AC bears the same 
proportion to each ; and [by theo. 6.] the triangle 
A d c= ADE, therefore the angle Ade=:D an^ Aed= . 
E, but since ed and BC are parallel [by part 8. theo. 
8.} Ade=B. and Aed=C, therefore B=D and C==E* 
% E. D. 



6% 



THEOREMS. 



THEOREM XXII. 



Equiangular triangles JJSCj DEF^ are to one 
another in a duplicate proportion of their homologous 
or like sides ; or as the squares •ilC, and DJU of 
their homologous sides^ fig. -M). 



Jfig. 40. 




Let the perpendiculars CG and FH be drawn, as 
well as diagonals BI and £L. 

The perpendiculars make the triangles ACGr and 
DFH equiangular, and therefore similar (by theo. 
16.) for because the angle CAG=FDH, aud theiight 
angle AGC=DHF, the remaining angle ACG=:DFH, 
(by cor. S theo! S.) 

Therefore GC : FH : : (AC : DF : :) AB : DE, or 
which is the same thing, GC : AB : : FH : DE for 
FH multiplied by AB=: AB multiplied by FH. 

By theo. 19. ABC : ABI : : (CG : AI or AB as 
before : : FH DE or DL : :) DFE : : DLE, therefore 
ABC : ABI : : DFE : DLE or ABC : AK : : DFE 
: DM; for AK is double the triangle ABI, and DM 
double the triangle DEF, by cor. %. theo. IS. Q. E. D 
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THEOREM XXIII. 



Like polygons JlBCDE, a be de^ are in a dupli- 
cate proportion to that of the sides •iB^ a h, which are 
between the equal angles Jl and By and a and by or 
as the squares of the sides AB^ aby fig/M^ 



Jig, 41. 




Dr9,w AD, AC, ad, ac 

By the hypothesis AB : ab : : BC : be, and there- 
by also the angle B=b ; therefore (by theo. 81.) BAC 
=b a c ; and ACB=a c b ; in like manner £AD=(t 
a d, and £D A=e d a. If therefore from the equal 
angles A, and a, we take the equal ones EAD+BAO 
=e a d+b a c the remaining angle D AC=d a c, and 
if from the equal angles D and d, EDA=:e d a be ta- 
ken, we shall have ADGr=:a d c : and in like manner 
if from C and c be taken BC4L=:b c a, we shall havii 
ACD=a c d ; and so the respective angles in every 
triangle, will be equal to those in the other. 

By theo. SS. ADC : a b c : : the square of AC to 
the square of ac, and also ADC : adc : : the square of 
AC, to the square of a c ; therefore from equality of 
proportions ABC : a b c : : ADC : a d c, in like man- 
ner we may shew that ADC : a d c : EAD read: 
Therefore it wjU be as one antecedent is to one conser 
qnent, so are all the antecedents to all the consequents. 
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That 18; ABG : a b c «^ the sam of the three triangles 
in the first polygon^ is to the siun of those in the last. 
Or ABC will be to a b c^ ag polygon to polygon. 

The proportion of ABC to a b c (by the foregoing 
theo.) is as tbe sqnare of AB is to the square of ab^ 
but the proportion of polygon to polygon/ is as ABC 
to a b c^ as now shewn : therefore the proportibn of 
polygon to polygon is as^ the square of AB to tha 
square of a b. 

THEOREM XXI\5 

Let DHB be a quadrant of a circle described by the 

radius CB ; BE an arc of it, and BE its cemple- 

mentf EL or FC the sine, FEor CL its co-sirie; 

BR its tangent J)l its co-tangent ; CK its secant, 

^ni CI its cosecant, fig. 8. 




1. The co-sine of an arc is to the sine, as radius is 
to the tangent. 

2- Radius is to the tangent of an arc, as the ca- 
sine of it is to the sine. 
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3. The sine ef an arc it to its co^sine^ at ndios to 
its co-tangeDt* 

4. Or radius is to the co- tangent of an are^ as its 
sine to Us co-sine. 

9. The co-tangent of an arc is to radius^ as radhis 
> to the tangent . 

6. The co-sine of an arc is to radios^ as radins is 
to the secant. 

?. The sine of an arc is to radios^ as the tangMt 
I is to the secant. 

I The triangles GLH and CBK; bein^ similar, (by 
tbeo. 16.) 

1. GL:LU::GB:BK. 

5. Or^ CB:BK: : GL : LH. 

The triangles CFH and GDI^ being similar. 

8. CF (or LH) : FH : : CD : DL 

4. CD : : DI : : CF (or LH) : FH. 

The triangles CDI and CBK are similar : for the 

angle CIB=KCB^ being alternate ones (by part S. 

theo. 3.) the lines CB and DI being parallel : the an- 
gle CDI=CBE^ being both rights and consequentlj 

the angle DCL^sCKB^ wherefore^ 

9. DX:CD::CB:B£. 
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And again, making use of the similar triangles 
CLH and CBK. 






6. CL:CB::CH:CK. 



7. HL : CH*: CK : CK. 
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GBOMETBICAL PROBLBMS. 



PROBLEM I. 



To make a triangle c^ three givem right line$ BOy 
IB, JLO^ of which any two must be greater than the 
third. Jig* 4S. 



jig.0. 




Lay BL from B to L ; from B witti t he line BO^ 
describe an arc^ and froln L with LO describe another 
arc ; from O^ the inteijection point of thoi^e arcs^ 
draw BO and OL^ and BOL is the triangle required. 

This is manifest from t}ie constraodofi. 



FROB. II. 



St a point Bin a given right lins BC, to make an 
mgle equal to a given angle A. Jig. 43. 



/f.4S. 
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Draw any right line ED tofwm atriangle^ as EAU^ 
take BF=s AD^ and upon BF inak^ the triangle^ BFG> 
whose side BG= AE, and GF=ED [by the last] then 
also the angle B=A if we suppose one triangle be 
laid on the other, the sides will mutually agree with 
each other, and therefore be equal ; for if we consider 
these two triangles are made of the samegiren three 
lines, . they are manifestly one and the same triangle. 

V 

Otherwise, 

Upon the centres A and B, at any distance, let two 
arcs, DE, FG, be described ; make the arc FG^DE^ 
and thro^ B and G draw the Une BG, and it is done. 

4 

For since the chords ED, GF, are equal, the an- 
gles A and B are also equal, as before [by def. ijiJ^ 



TtiOB. HI. 



To bisect or divide into two equal parts, any given 
right lined angUy BAC. jig. 4db. 






In the lines AB and AC, from the point A set off 
equal distances AE=:AD, then, with any distance 
more than the half of DE,^ describe two arcs to cut 
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each oifaer in some point R ; and tlie right line AF^ 
joining the points A and F^ will bisect the ^ven an- 
gle BAG. 

For if DF and F£ be drawn, the triangles ADF, 
jLEtFy are equilaterial to each other, viz. AD=s A£, 
DF, FE, and AF, common, wherefore DAF^EAF^ 
as before. 



PBOB. IV. 

To bisect a right line^ JSL. jig. 45. 

fg. 45. 




With any distance, more than half the line, front A 
and B, describe two circles CFD, C6D, cutting each 
other in the points C and D ; draw CD, intersecting 
ABinE, then, A£=EB. 

For, if AC, AD, BC, BD, be drawn the trian- 
g^l^s ACD, BCD, will be mutually equilateral and 
Consequently the angle ACE=BCE : therefore the 
triangle ACE, BCE, having AC=BC, CE, common, 
and the angle ACE=BCE j [by theo. 6.] the base 
^=:the base BE. 

Cor. Hence it is manifest, that CD not only bisects 
AB, but is perpendicular to it. [by def. 11.]] 
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PROS. V. 



On a given paint Ay in a right line EF, to erect 
ti p^tpeidieidar. Jig. 46. 



Jff'^ 




From the point A lay off on each side^ the equal 
distances^ AG^ CD ; and from C and B^ as centres, 
with any interval greater than AC or AJD^ describe 
two arcs intersecting each other in B ; from A to B 
draw the line AB^ and it will be the perpendicular 
required. 

For let CB^ and B]) be drawn ; then the triangles 
CAB^ DAB, will be^ mutually equilateral and equi- 
angular^ 80 CABsDAB, a right anj^le, [by def. 11.] 



PROB. VI. 



To raise a perpendicular on the end Bof a right 
line dM. Jig. 47. 
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From any point D not in tbe line AB^ with the 
distance from D to B^ let a circle be described cutting 
AB in E ; draw E thro^ D the right line EDC, cut- 
ting the periphery in C^ and join CB ; and that is the 
perpendicular required. 

EBC being a semicircle^ the angle EBC will be a 
right angle [by cor. 5. theo. 7-] 



PBOB. VII, 



From a'given point A, to let fall a perpendicular 
upon a given right line BC. Jig. 48. 



Ai.p. 




From any point D, in the given line, take the dis- 
tance to the given point A, and with it describe a cir- 
cle AGE, make GE=AGr, join the points A and E, 
by the line AFE, and AF will be the perpendicular 
irequired. 

. Let BA^ DE; be drawn ; the angles ADF=:FDE, 
DA=DE beifig . radii of the same circle^ and DF, 
common; therefore [by theo. 6.] the angle DFA 
=DFE, and FA a perpendicular. [By def. 11.] 
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PROB. YUU 



ThrtP a given point Aj to draw a right line JUBj^ 
parallel to a given right line CD. fig. 49# 



A V 



From the point A^ to any pointy F, in the line CD^ 
draw the line AF ; with the interval FA, and one foot . 
in F^ describe the arc AE, and with the like interval 
and one foot in A, describe the arcBF, making BF=: 
AE ; thro' A and B draw the line AB, and will be 
parallel to CD. 

By prob. S. The angle BAF=AFB, and by theo- 
11. B A and DC are parallel. 



PROB. IX. 



Upon a given line AB to describe a square •SJBCD. 
fig. 52. 

Make BC perpendicular and equal to AB ; and 
from A and C, with the line AB, or BC, let two 
arcs be described, cutting each other in D j from 
whence to A and C, let the lines AD, DC be drawn; 
so is ABCD the square required. 

For all the sides are. equal by construction ; there- 
fore the triangles ADC and^^C ^ aremu ^ua)ly equi^ 
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lateral and equiangular^ and ABCD is an equilateral 
parallelogram^ whose angles are right. For B being 
right, D is also right, and DAC, DC A, BAG, ACB, 
eiich half a right angle [by lemma preceding theo. 7* 
and cor. 3. theo. 5.] whence DAB and BCD will each 
he a right angle and [by def. 44.] ABCD is a square. 

SCH01.IUM. 

By the same method a rectangle or oblong, may be 
described, the sides thereof being given. 

?ROB. X. 

To iiviie a given right line ABp into any proposed 
number of^ equal parts. Jig. 50. 

4f • *• 

O ^P 




Draw the infinite right line AF, making any angle 
with AB, also draw BQ parallel to AF, in each of 
which, let there be taken as many equal parts AM, 
MN, &c. Bo, on, &c. as you would have AB divided 
into ; then draw Mm, Nn, &c. intersecting AB in £, 
F, &:c. and it is done. 

^ 

For MN and m n, being equal and parallel, FN 
will be parallel to EN ; and in the same manner, GK) 
to FN [by theo. 12.] therefore AM, MN, NO, being 
all equal by construction, it is plain [from theo. ,^0.] 
that A£, £F, F^^ ke. will likewise be equat 
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FROB. XI. 



To find a third proportional to two given right 
lines^ A and B. fig. 61. 



Ai-n- 




Draw two inftnite blank lines CE, CD^ anywise 
to make an angle. Lay the line A^ from C to F ; and 
the line B, from C toG; and draw the line FG; Uy 
again the line A^ from C to fi ^'^and thro' H draw HI 
parallel to FGf^ [by prob. 8.] so is CI the third pro- 
portional required. 

For by cor. 1. theo. SO. CG : CH : : CF : CI. 

Or, B: A: : A : CI. 



PROB. Xll. 



Three right iineSf A, By C^ given to find a fourth 
proportional, fig. 5S. 



fg^Si, 



•r: 







Having made an angle DEF anywise^ hy two &>&* 
nito blank right lines ED, £F, as before ; lay the lue 
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Af from E to e ; the line B from B toi ; anft draw 
^ Uae IG ; lay the line C^ from B to U and (by 
proh. 8.) draw HJC parallel thereto^ so will EK b> 
. the fourth proportional required. 

For^ bj cor, 1. theo, 30. EG : EI : : EH^EK. 

Or^ A : B : : C : EK. 



PROB. XIII. 



Two right linee •A and,B^ ghen to find a mean 
proportional, fig. 53. 



fS' 99, 




Draw an infinite blank^ line as AVy on which Ifly 
the line A^ from A to B^ and the line B^ from B' to G^ 
on the point B, which is the joining of thejines A 
Wd B^ erect ^ perpendicular BD (by prob. 5,) bisect 
AO in E (by prob. 4.) aod describe the semicircb 
ADC 5 and from the point D, where its periphery 
Qttts the perpendicular BD, diaw the line BD, and 
tW will be ^e (Okeau proportional required. 

For if the lines AD, DC, be drawn, the angle ADC 
is a i^h|: aii^e (by cor, 6. theo. 7- ) being an angle in 
asemicbcle. 

9 
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The angles ABD, DBC, fee right ones (by def. 
il.) the line BD being a perpendicular; wherefore 
the triangles ABD, DBC, are siitiilar, thus the anglf^ 
ABD=DBC, being both tight, the angle D AC is the. 
complement of BDA to a right angle (by cor. 2 theo. 
B.) and is therefore equal to BDC, the angle ADC 
being a right angle as before ; consequently (by cor. 
1. theo, d.) the angle ADB=DGB^ wherefore (by 
theo. 16.) / 

AB : BD :' : BD : BC, 
Or, A:BD: : BD t B. 



PROB. XIV. 



To divide a right Kne ABy in the point jB, so that 
•AE shall have the same proportion to JEB, as tw^ 
given lines V and B have. fig. 54. 




Draw an infinite blank line, AF, to the extremity 
of the line AB, t» make with it any angle : lay the 
line C, from A to C : and D from C to D ; and join 
the points Band D, by the line HD ; thro* 0, draw 
OE parallel tp BD (by prob. 8.) so is E the point of 
division. 

For, by cor. 4. theo. SO. AC : AD : : AE : AB. 
Or, C:D:: AB:EB. 
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FROB. xy* 



To describe a cirjcle about a triangle ABC or 
^ichich is the $ame thing J thra^ any three points^ Ji, 
B^ Cy which are not situate in a right line. fig. 60. 



Jg.BB. 




' By prob. 4. Bisect the, line AC by the perpendicu- 
lar I)£^ and also GB^ by the perpendicular FG, the 
point of intersection H, of these perpendiculars^ is 
[ the centre of the circle required^ from which take the 
distance to any of the three points A, B^ Q, and des- 
the circle ABC> and it is flone. 



For, by cor. to theo. 8. The lines DB and FG> 
must each pass, thro' the centre, therefore, their point 
•f intersection, H, must be the centre. 



SCHOLIUM. 



By this method the centre of a circle may be found • 
by having only a segment of it given. 
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PROB. XVI* 




2*0 make an angle of any number 
of degrees, at the point A, of the 
line AB, suppose of 46 degrees, 
jig. 56. 

From a scale of chords take 60 degrees, fqr 60 is 
equal to the radius (by cor. theo. 15.) and with that 
distance from A, as a centre, dcscrilje'a circle from 
the line AB 5 take 45 degrees the quantity of the gi- 
ven arigle, from the same scale of chords, and lay it 
on that circle from a to h, thilb' A and b, draw the 
line AbC ; and the an^e A, will be an angle of 45 

degreei^, as required. 

If the given ai^le were more than 00; iatas its half 
(or divide it into any two parts less than §0) and tey 
them after each other on the arc which is descnbe* 
With the chord of 60 degrees, thro' the extremity of 
which, and the centre, let a line he drawn, and that 
will form the Migle required, with the given line. 



PROB. XVII. 



Jli.»- 




To measure a given angle ABC. 
fig' 57' 

If the lines which include the angle, be not as long 
as the chord of 60 on your scale, produce them to that 



■..>:■} 



or a greater lengthy and between them 90 produ£ed^ 
firith the chord of 60 from B^ describe the arc e d^ 
^v^hich distance e d^ measured on the same line of 
cbords^ giv^s the quantity of the angle BAG 48 de- 
grees^ as required ; this is plain from def. 19* 



PROB. XYIII. 



yo make a triangle SCE eqml to a given qnairi- 
lateral figure JtBCD. fig. 58. 




Draw the diagonal AG^ and parallel to it (by prob. 
8.) DE^ meeting AB produced inE^ then draw GE^ 
aod EGB will be th6 triMi^e required. 

For the triangles ADG^ AEO^ being upon ihe 
same base AG^ and under the saime parallel ED (by 
^cor. to theo. 13.) will be equals therefore if ABO be 
added to each^ then ABGD=BEG. 



FROB. XIX. 



To make a triangle JDFH, equal to a given five 
sided figure J£CDE. fig. 69. 
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DrAw DA and DB^ afid abo EH and CF, paral- 
lel to them (by prob. 8.) meeting AB produced in H 
and F ; then draw DH^ DF^ and the triangle HDF 
is the one required. 

For the triangle D£A=DHA, and DBG=DFB 
(by cor. to theo. 13.) therefore by adding these eqaar 
tions, DE.\+DBG=DHA+DFB if tp each of these 
ADB be added ; then DEA+ADB+DBC=ABCD£ 
=(DHA+ABD+DFB)=DHF. 

PROB. XX. 

To project the lines of chords^ sines^ iangentBp 
rnni secants f to any radius. Jig. 60. 




O^tlie line AB, let a semicircle ADB be described : 
let CD be drawn perpendicular to the centre C, and 
ihe taoj^ent BE perpendicular to the end of the dia me- 
ter ; let the quadrants AD, DB, be each divided into 9 
equal parts, every one of which will be 10 degrees; if 
then from the centre C, lines be drawn thro' I0_ SO, 
SO; 40, '&c. the divisions of the quadrant BD, and 
continued to BF, we shall there have the tangents of 
10, SO, 80, 40, &c. and the secants C 10, C 20, C 30, 
fcc. are transferred to the line CD, produced by des- 
gcribiug the arc»f, 10, 10: SO, 30 : 80, SO, &c. If 
from lO, £0,30, &c. the divisions of the quadrant BD, 
there be letfall perpendiculars, let these be transferred 
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to the radiua GB^ and we ehall have the sines of 10^ 
SO, 30^ &c« and if from A we describe the arcs 10^ 10: 
SO, SO: 30, 30, &€. from eVery division of the arc 
AD J we shall have a line of cliord^. The same way 
we may have the sine, tangents, &c. to every one 
single degree on the quadrant, by subdividing every 
of the 9 former divisions into 10 equal parts* By this 
method the sines, tangents, &c. may be drawn to any 
radius ; and if after, they be transferred to lines on a 
rule, we shall have the scales of sines, tangents, &c. 
ready for use. 

Concerning Scales of equal Parts. 

If an inch be divided into any assigned number of 
equal parts, and if these parts be continued on in a 
right line, and if the last of them be subdivided into 
10 equal parts, and thence if the first divisions be num- 
bered with t, S, 3, 4, &c. as far as the ruler upon which 

they are transferred will admit, the scale is completed. 

« 

These numbers, 1, S, 3, % &c. usually stand lor 10, 
20, 30, 40, &c». ai^d every one of the ^ubiivisioms is 
called 1 ; but if the numbers 1, S„ 3, 4, &c. be qaUed 
100, SOO, 300, ^0, &c. then every one of tbe suhdi- 

virions will be 10, and the units must be gu^sed at* 

> 

On one side of most surveying scales, there are tines 
or scales, marked at the end with 50, 45, 40, 35, 30, 
S5, 15, 10, and sometimes with other numbers ; these 
are scales of so many parts to an inch (whether of feet, 
yards, perches, or miles) as the respective number at 
the end of each expresses ; but in the surveying; way, 
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thej are eounted to be so many perches to an inch^ 
and sometini^s so many feet to an inch. 

-On the contrary side there are two scales^ one of 
10^ and the other of 30 ; or one of 100^ and the other 
of 200 ; or one of 1006> and the other of 3000 parfs 
io an inch^ diagonally divided ; (a view ef the scale 
wULmake all easy :) the first of these surveyors call a 
ficfile of 10, and the other a scale of SO perches to. an 
inch ; and are thus counted : every large division is 10^ 
•very one of the subdivisions is 1, and every one 
downwards is* one tenth of a perch ; or sometimes 
thus^ every large division is called 100, every subdi- 
vision 10, and every one downwards 1 : or again^ 
frequently by navigators^ every large division is call- 
ed 1000, every subdivision 100, every one down- 
wards, 10, and the tenth part of the distance between 
the lin^ss f • 

Hence it is easy to measure the length of any line 
knowing the scale by which it was laid down ; and on 
the contrary, to set off any given distance from any 
scale. 
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OP LOGABITHMS, 



jLF to a series of numbers in geometrical prc^easipB^ 
whose common ratio is 10^ and first term i. We annex 
another series of numbers in arithmetical progression, 
whose first terth is 0^ and common difference 1 ; these 
latter numbers will be the logarithms of the former* 

Numbers. liOgarithms. 

1 0.00000 

10 1.00000 

100 S.00000 

1000 • 8.00000 

10000 '4.00000 

If several.geometrical means be taken^ and the like 
number of arithmetical ones^ to the corresponding 
numbers^ the latter will be the logarithms of the' 
former. 

The nature therefore of logarithms is such^ that ad- 
dition of them answers to the multiplication of their 
correspdnding numbers ; and subtraction to division ; 
that is, when two numbers proposed are to be multi- 
plied into each other, if we lake the logarithms an- 
swering to those numbers^ and add them together^ the 
sum will be the logarithm answering to the number^ 
which is the product of the two proposed numbers. 



I 
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I 

V 

Again^ wben one namber is proposed to be divided 
by another;' if from the logavithm of the dividend^ 
we subtract the logarithm of the divisor^ the remain- 
der shall be the logarithm of the quotient. - 

■ 

Most tables of logarithms contain the logarithms of 
all numbers from 1 to 10000^ the column marked at 
the top I^^ is that in which yon must find your num- 
ber; in the same line with which in the adjacent co- 
lumn^ is the logarithm of that number. 

• • • 

N EXAMPLS. 

Required^ the logarithm of 365. 
Answer, 8,96339. 



% 
.^ 






And though most tables of logarithms run but to 
iOOOO, yet by them the log. of any number not ex- 
ceeding 10,000,000 may be found, and on the contrary, 
the nuxnber to any such logarithm, thus, 

1. Find the log.* of the first four figures of the given 
fiumber. . 

S. Tajce that log. from the log. of the number next 
following, and note their difference. 

3. Multiply that difference by the remaining figures 
of the given number ; and from the product cut off as 
many figures as remain in the given number, or as the 
given number is more than four (counting from the 
^ght to the left) as in decimals. 
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4. The whole number in the product, added t© the 
first log; is the log. required ; but the ,first figure^ 
which is called the index, or characteristick must be 
changed ; and always be one less than the number af 
figures in the logarithm. 

EXAMPLE I. ^ 

» 

llequired, the logarithm of the number 3S67i94 

The log, of 3567; which are the first four fignres, 
18 - - ... 3.55S30 

The log. of the following or next number, viz. BSOS^ 
is - . - - • 8.551MX 



Their dijfference, - - • 12 

Mult, by the remaining fig. viz. - - .894 



*Cut off 3 figures^ because 894 is three figures, 
and the product is - - • - - 10.728 
To which add the first log. 3.59230 

Their sum is 3.55240 



But because the given number consists of 7 figures, 
the index must be one less, which is 6 ; so the above 
index, 3,* must be changed to 6, and we have 655240 
the log. of 3567894 required^ 
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EXAMPLE II. 

Required, the log. of the number 1S5607. 

Thelog, of IfiSflTis - - - 3.09199 

The next log. following is 3.09984 

Their difference is - - - - 35 

Multiply by .07 the remaining figares .07 



Product 

To which add the ilriSt log. 

Their sum is 



S.45 
3.09899 

3.09901 



Secaase the given number consists of 6 places, 
change the last index to 9, which is one less than the 
places in the given number ; and you have 0.09901,' 
the log. of 1S5607 required. • 

Because any number consisting of both integers and 
-decimals, is equal to the quotient of the whole con- 
sidered as an integer, divided by the denominator of 
the decimal part ; ^d since by the nature of loga- ' 
rithms, subtraction in them answers the quotient of 
other numbers; therefore, it follows, that when a 
number is given, consisting of integers and decimals, 
we can find its log. thus ; find the log. of the whole 
considered as one integer ; then from that, take the 
log. of the denominator of the decimal part ; or (which 
is the same thing) from the index of the log. of the 
whole considered as an integer, subtract a number less 
by one, than the number of places in the denominator 
of the fraction, and the remainder will be the log. 
required ; or the index of the log. must be 1 less than 
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the namber of figures in the integer to which the de* 
cimalis annexed. 

EXAMPLE L^ 

I 

What is the log. of the namber 36.5 ?^ 

Find the log. of 365^ which is S.5»2.'?9 ; then be- 
cause 10 is the denominator of the decimal part of the 
proposed number^ and 1.00000 its log. therefore, from 
S.56S21^ take 1.00000^ and t]|^ere remaias 1.96^9 
the log. reqnired. 

Or because the whole number consists of two fi- 
gures^ the index of the log. must be one less^ andas 
therefore i.B6229, as before. 

EXAMPLE II. 

What are the Jogs, of 6543, 654.3, 65.43, 6.543^ 
.6543, .06543 and .006543 ? 

6543 — — -^ 3.81578 

654.3 — — — 2.81578 

66.43 — — — 1.81578 

6.543 — — • — 0.81578 



.6543 — ~ — 9.81578 



.06543 — — . 8.81578 



.006543 — — 7.81578 

• Foir the log. of a decimal fraction is the same as 
that of an integer ; only the index is negative^ and is 
so much less than 0. as the place of the decimal is re- 
moved from unity ; and those indices may be distin* 
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giiished from absolute ones^ by setting a negative sine 
over them^ as above. 

To find the dumber of a given Logarithm. 

liook for the giv^i log. amongst the logs, from 
1000 to 10000 (not regarding the index or first figure) 
and if you find'the exact log. you want^ you have in 
the margin the required number. But if the ind^ of 
th^ given log. be less than S^ cut off from the number 
founds as many figures as it is less; and the figures 
so eut off will Jl»e decimals, and the others integers. 
Or if the first figure or index, be greater than 3, add 
as many cyphers to the number found as it is more, 
and you have the number required. 

EXAMPLES. 

Find the numbers correspondent to the following 
logarithms. 

Given logarithms. Numbers. 
5.99330 Answe^ 356700. 



i59230 


~ — 85670. 


3.55330 


— 3667. 


8.69S30 


— — 356.7 


1.95330 


— — 35.67 


0.55334 


— — 3.567 

* 


9.5S@30 


— — - — .3567 


8.55330 


— — .103567 


7,56330 


-^ — .003567, &c 



But if the exact log. cannot be found in the table^ 
- uid the number of figured required exceed four^ then 
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1. Find as before (not regarding the in^ex) the 
log. answering to the first four figures^ but less than 
the given log, 

S/ Take that from the given one, and if the remaiB* 
der do not consist of two figures, prefix a cypher 
to it ; and after these two figures annex three cyphers, 
so yill you have five figures for a dividend. 

• 
3. Divide that by the difference between the log. 
found, and the noxt following,' and if your quotient 
do not consist of three figures prefix a cypher or cy-^ 
phers to makje it ; which three figures place after the 
first four found. 

Then observe the index of the given log. which 
shews how many figures must be integers, and how 
many decimals ; for the number of integers is one 
more than the given index as before. 

E:]s;AMPLfi I. 
i. Required, the number of the log. ^.5S^i I 



i 



The nearest log. which is less is 3.55S30 
its number is 3567. 

The difference of these with three cyphers is for a 
dividend - - - - - - 11000 



The log. found - - - 3.95S30 

The next log. 3.55a4i^ 



Their difference wiU give for a divisor IS 
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lS)11000(9ie quotient 
108 



SO 
1» 



80 



s 

"WTiicli quotient place after the first four flgurca 
founds and you have 3907016 ; and because the index 
is % 'the number will be 39679.16 required. 

3. Required; the number answering to the log. 

5.00901 
The nearest log. to which is 3.00899, its No. 1»56 



Dividend 03000 



Log. found 3.00899 
Next log. 3.09934 



85 Divisor 35)02000(67 

175 



890 
24)5 



5 



Because the quotient consists of but two figures^ 
prefibc a cypher to it to make it three^ and it is 057 ; 
^hich annexed to the first fourfold; is 1S56Q97 r and 

11 
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because the index of the givea log* is 0^ it« muabeir 
will be 125605.7. 

From what has been said on this head^ the follow- 
ing problems may be easily solved by logarithms^ vis^. 



PROB. I. 

Multiply 134 b^ 85.6 

To log. of 184 - !9.1SriO 

Add the log. of JU^.6 - - ±.40e»t 

Bum a5a934* I 



The number answering to which sum^ viz. 3430^ 
is nearly the product of 1341 by 25.6 and is the answer. 

Again, multiply S34 by 36. 

To log. of 834 8.36933 

Add the log. of 36 1 .95680 

Sum 3.98558 its number 

is 8434} required 

PROB. II. 

What is the quotient of 828 by S3 ? 

From the log. of 828 2.91803 
Take the log. of 23 1.36173 

DiiFerence 1.55630 its numbed 
is 36 the quotient required. 



\ 
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-as 



Apdik^ wlia)t iA the qaotient of 8O0ifO by 47? 

'From the log. of 30500 4.48501 
Take thelog. of 47 1.07»1O 



«i ■! 



S.81891 its number 



m^mm^mi^t 



is 650' the quotient required. 



PROB, III. 

Three numbers in direct proportion giveni to find 
a fourth. 

From the sum of the logarithms of the second and 
third numbers ; deduct the logarithm of the firgt^ tiie 
remainder will be the logarithm of the fourth required. 



EXAMPLE I. 



Let the three proposed numbers be S6^ 4Sy 66^ to 
find a fourth proportional. 

To log. of 48 1,68134 

Add log. of 66 1.81954 

, Sum 3.50078 

Take log. of 36 1.55630 



fourth required. 



1.94448 the nutaber is 88 the 



s • 
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Agaih^ let three numbers be SMy 1440^ iSSO^ to 
find the fburft proportional. 

To the log. of 14M 3.19836 
Add the log. of 1S3Q ^ 08^^ 

From the t>rodact 6.b46Sr ' 

Take the log. of 2M a.880Sl 



3.86806 its number 7380 



^e 4ih required. 



PROB. IV. 



Co find Ae square of imy given number. 

Multiply the given numbers logarithm by S> and 
the product is the logarithm of its square. 



EXAMPLEv 



Required^ the square of 36. 
Log. of 36 1.59630 

Multiply by 2 



3.11360 its number 1S96 



the square required. 
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PROS. V. 

Xo extract the square root of any given number. 

T^ake half of the logarithm of the number^ and that 
13 the logarithm of its'square root. 

n 

EXAMPLE^ 

Required the square root of ISOft. 
, Xiog. of 1S96 3.11361 



Its lialf is 1.55630 its number is 36 tbe 



square root of the number required. 

By the manner of projecting the lines of chords, 
sines, tangents, and secants (being prob. SO of geo- 
metry) it is evident, that if the radius be supposed any 
number of equal parts (as 1000 or 10000, &c.) the 
sine, tangents, &c. of every arc, must consist of some 
number of those equal parts : and by computing them 
in parts of the radius, we have t^les of sines, tan- 
gents, &c. to every arc of the quadrant, called natural 
sines, tangents, &c. and the logarithms of these give 
us .tables of logarithmick sines, tangents, &c. and 
such are usually bound up with logarithms of numbers. 

In which you may observe, that each page is <livid- 
ed into 8 columns, the first and last of which are mi- 
nutes, and the intermediate ones contain the sines, 
tangents, and secants, the upper and lower coVimhs 
contain degrets, ^He column of the minutes on the left 
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hand of each page^ answers to the degrees in the top 
column ; and (;he sines^ tangents^ and secants belong- 
ing to those degrees and minutes^ are in the colnmns 
marked at the top with the words sine^ tangent^ and 
secant ; the column of minutes on the right hand of 
each page^ answers to the degrees in the bottom of the 
page ; and the sines^ tangents^ and secants^ answeriog 
to those degrees and minutes^ are in the columns^ 
marked at the bottom with the words sine^ tangent; 
secant ; the degrees in the top column beginning at 0, 
proceed to 44, where they end ; and those at the bot- 
tom of the page begin at 89, and proceed to 49 in a 
decreasing series; the degrees in the different co- 
lumns being the complement of each otiier. From 
what has been said, we may easily find the sine, tan- 
gent, or secant of any arc, from the tables, by look- 
ing for the given number of degrees at the head or 
foot of the page, according as they are less or greater 
than 45, and in the proper side column for the odd mi- 
nutes, if there be any ; then below or above the word 
sine, tangent, or secant, and on the same line with the 
minutes, we shall have that which was required. 



EXAMPLE I. 

Required, the sine of 36 degrees 40 minutes. 

Look at the head of the page for 36 degrees, and 
in the side column on the left hand, for 40 minutes ; 
then below the word sine, on the same line with 40? 
'we find 9.77609 ; which is that required. 
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EXAMPJUB II. 



ilequired^ the tangent of 54 degrees 30 minutee. 



PROB. I, 



To find the tangent which is defaced^ by the sine- 
and co-sine. 

The co-sine taken from the sine added to 90. or 
nidins, which is 10.00000^ the remainder is the tan- 
gent, (by part !• theo. 84.) 



Look at the foot of the page (because the proposed 
degrees are more than 45.) for S4 degrees^ and in the \ 

ri^t hand column for 30 minutes ; then in the column 
suurked tangent at its bottom^ and on the same line 
with the 30 minutes^ in the side column^ we find 
10.i4!673^ which is the log-tangent required. 

The reverse of this, in«. The logarithm of a sine, 
tangent, or secant, being given, to find the arc belong- 
ing to it, is performed by only looking in the proper 
tolumn, for the nearest logarithm to that proposed, 
and the degrees and minutes answering thereto, arer 
ihose required. 

We v^Ul now /Shew how any sine, tangent, or se- 
cant may be had, though the figures in the tables 
were defaced, mis-printed, or obliterated. 
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• ^ EXAMPLE. 

i. Suppose the tangent of 41^. SO' was defaced^- 
but the sine and co-sine of it visible. 

From the sine of 41^. SO'+IO.OOOOO^ 
or radius^ - - - - 19*81983 

Take the corsine of 41°. SSO' 9.87»ff7 



The rem. is the tan. of 41<^. 30" req. viz. 9 94436 



S. To And a sine which is mis-printed^ by help of 
the co-sine and tangent. 



From the sum of the tangent and co-sine^ taka 
10.00000^ or radius^ or (which is the same thing) cut 
off the first figure in the index^ the remainder is the 
sine required (by part 3. theo. 84.) 



EXAMPLES. 



Suppose the sine of 46°. 50'. was defaced^ but the 
tangent and co-sine visible. 

To the tangent of 46°. 50^ 10.02781 

Add the co-sine of 46°, 50' 9.83913 



The sujuis the sin^ of 46°, 50' req. vix. 9.86S94 



^p-««" 
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The co-tangent and co-sine of any arc, may be liad 
by the same method ; the complement of any degree^ 
being only its residue from 90, or a quadrant, as be- 
fore observed (by theo, S4*, part 3 and 4.) 

3. To find a tangent by the help of a co-tangent only. 

From twice the radius, which is SO.OOOOO, take the 
^-tangent, the remainder is the tangent (by theo. 84. 
part 5.) 

£XAMPI<£. 

Required the tangent of 89^. 50' being defaced, as 
also the sine and co-sine defaced, by the co-tangent 
«nly. 

From twice the radius, SO.OOOOO^ 

Take the co-tangent of 29°. 50' 10.^1148 

The rem. is the <ang. of 89°. 50' rcq. 9.75862 



4. To find the secant by the help of a co-sine ; 
which may be found of great use when a table of sines , 
and tangents can only be had. 

From twice the radius, which is 20.00000, take the 
tio-sine, and the remainder will be the secant, (by 
theo. 24. parte.) ^ 

EXAMPLE. 

Required, the secant of 57°. 20' by the help of 

the co-sine only'. 

12 
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From the double radius^ 
Take the cosine of S?""- 80' 



30.00000 

9/ 



The rem. is the secant of 57°. 20' req. 10.S6781 



S. To find a secant by the lielp of the sine and tan- 
gjcnt. 

Froili the tangent added to radius^ take the sine^ the 
remainder will be the secant (by theo. 34. part 7-) 



EXAMPLE. 



Required^ the secant of 57°* 20' by help of the sine 
and tangent. 



From the tan. of 57^ 20'+10.00000 
the radius^ 

Take the sin& of i>7''- 20' 



20.19303 
9.9S52S 



The rem. is the secant of 57°. 20' req. 10.86781. 



The secants in these tables might have been omit- 
ted, because all proportions in which they are concern- 
ed, may be wrought by sines and tangents only, as 
shall be shewn in the several cases of plane trigono- 
metry ; and are here only inserted that all the various 
methods of resolving triangles may ba shewja. 



SECT. n. 



PLANE TRIGONOMETRY. 



DEFINITIONS. 



I . 



X LANE Trigonometry is the art, whereby, having 
given any three parts of a plane triangle, except the 
three angles, the rest are determined. For this pur- 
pose it is requisite that not only the periphery oif cir- 
cles, but also certain right lines, in, and^about circles, 
be supposed to be divided into some assigned number 
of equal parts. 

S. The periphery of every circle is supposed to be 
divided into 360 equal parts, called degrees ; and each 
degree into 60 equal parts, called minutes; and each 
minute, iiito 60 equal parts, called seconds ; &c. 

3. Any part of the periphery, is calledlan arch ; and 
is the measure of the angle at the centre, which it 
subtends. 

4. The difference of any arch from 90^. or a quad- 
f&ut, is called the complement of that arch, . and its 
difference from 180°, or a semi-circle, is called its 
supplement 

5. A. Choid, or Subtense of an arch, is aright line 
joiuing its extremities. 



^ 
i 
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6. The Sine of an arcb^ is a right line drawn from. 
one extremity of that arch^ perpendicularly to a dia- 
meter passing through the other extremity. 

7. The Versed" Sine of an arch is that part of the 
diameter^ intercepted between the sine and the peri- 
phery. 

8. The Co- Sine of an arch is that part of the dia- 
meter^ between the sine and the centre : and is equal 
to the sine of the complement. 

9. The Tangent of an arch is a right line^ touching 
the arch in one extremity^ and produced from thence 
till it meets a right line drawn from the centre^ through 
the other extremity. 

10. The Secant of an arch is that line drawn froni 
the centre to the extremity of the tangeilt. 

11. The Ca^Tangent^ and Co- Secant ^ are the tan-r 
gent^ and secant of the complement of the arch. 

12. Every sine, co-sine, tangent, co-tangent, &c. 
corresponds to two arches, which are supplements to 
each other : the one being as much greater than 90°, 
as the other is less. Thus the sine, &c. of 1°, is also 
the sine of 179^ ; the sine of 10^, is the sine, &c. of 

170°; and the sine, &c. of 6(y^ is also that of 120°, 

&c. &c. 
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Thus^ let BH^ or AH^ be any arch ; then is 
HL^ its sipe^ 

LB^ or AL^ its versed sine^ 
GL^ =:EH^ its co-sine, 
BK^ its tangent, 
CK, its secant, 
DI, its co-tangent, &c. 
CI, its co-secant 

A Table of Logarithm sines, tangents, secants, &c. 
is the Logarithms of the lengths of those lines, calcu- 
lated to a given radius, for every degree, and minute 
of the quadrant ; by the help of which, and the fol- 
lowing Theorems, any three parts of atri^tngle, except 
the three aYigles, being given, the rest may be found. 



/ 
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BECT ANGULAR TRIGONOMETRY. 



fg» 61. 




1. In every right-angled plane triangle ABG^ if tli9 
hypothenuse AC be made the radius^ and with it a cir- 
cle^ or an arc of one, be described from each end ; it is 
plain (from def. S.) that BC is the sine of the angle 
A, and AB is the sine of the angle G ; that is, the legs 
are the sines of their opposite angles. 



7%r*^ 
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S, K one leg AB be made the 
radius, and with it, on the point A, 
an arc be described ; thenBC is the 
tangent, and AG is the secant of the 
angle A, by def. 8. and 10. Fig. 62. 

3. If BG be made the radius, 
and an arc be described with it on 
the point G ; then is AB the tan- 
gent, and AG is the secant of the 
angle G, as before. Fig. 63. 



Because the sine, tangent or secant^ of any given arc 
in one circle is to the sine, tangent, or secant of a like 
arc (or to one of the lite number of degrees) in anp- 
ther circle ; as the radius of the one is to the ra(^^s of 
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the other ; therefore the sine, tangent, or secant of any . 

arc is proportional to the sine, tangent, or secant of a 
I like arc, as the radius of the given arc is to 10.00000, 
[ the radiui^ from whence the logarithmick sines, tan- 

[ gents, and secants, in most tables are calculated, i. e*. 

J 

I 

\ If AG be made the radius, the sines of the angle A 
I and G, described by the radius AG, will be propor- 
tional to the sines of the like arcs, or angleis in the 

I 

[ circle, that the tables now mentioned were calculated 
I for. So if BG was required, having the angles and 
I AB given it will be fig. 61. 

k 

I As S.O : AB : : S. A : BC. 

r 

I i. e. As the sine of the angle G in the tables, is to 
I the length of AB; (or sine of the. angle G, in a circle 
whose radius is AG ;) so is the sine of the angle A in 
the tables, to the length of BG, (or sine of the same 
angle, in the circle, whose radius is AG.) 

In like manner, the tangents and secants represent- 
ed by making either leg the radius, will be proportion^ 
al to the tangents and secants of a like arc, us the 
radius of the given arc is to 10.00000, the radius of 

the tables aforesaid. 

« 

Hence it is plain, that if the name of each side of 
the triangle be placed thereon, a proportion will arise 
to answer the same end as before ; thus if AG be made 
the radius, let the word radius be written thereon ; and 
as BC and AB, are the sines of their opposite angles; 
ttpon the first let S. A, or siue of the an^le A, and on 
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the other let S.C, or sine of the angle C, be wrote : 
then^. 

When a side is required, it may be obtained by this 
proportion, viz. 

As the name of the side given 

is to the side given, 
So is the name of the side required 

to the side required. 

Thus if the angles A and G, and the hypothenuse 
AG were given, to. find the legs ; the proportions will 
be 

1. R:AC ::8.A:BG. fig. 61. 

That is, as radius is to AG, so is the sine of the 
angle A, to BG. And, 

S. R : AC : : S.G : AB. 

That is, as radius is to AG, so is the sine of the an- 
gle G, to AB. 

When an angle is required, we use this proportion, 
vix. 9 ' ' 



As the side that is made the radius, 

is to radius, • , 

So is the other given sidfey 

to its name. 

Thus if the legs were given to find the angle A^ and 
if AB be made the radius, it will be 

AB : R : : BG : T.A. fig. 62. 



/ 
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That is^ as AB^ is to r«4iiifi, m is BC^ fo tlie t&^f 

gent of the angle A. 

♦ 
AQer the same manner^ the sides or angles of all 

right-angled plane triangles may be found^ from their 

proper data. 

' lu th^ following triangles this mark — in an aiigle^ 
denotes it to be knbwn^ or the quantity of degrees it 

contains to be given ; aod this mark' on a dide^ denotes 

its length to be given in feet^ yards^ perches^ or miles^ 

&c. and this mark^^ either in an an^e or on a side^ 

denotes the angle or side required. 

Vrom these proportions it may be observed ; that, to 
find a side, when the angles and one side are given, 
any side may be made the radius : and to find an au« 
gle, one of the given sides must be made the radius, 
Sp that in the Ist, Sd, and 3d cases, any side as well 
required as given, may be made the radius, and in the 
first statings of the 4th, dth^ and 6th cases^ a given 
side only is made the radius. . 

BfiCtANGULAR TEIGONOMETBY. 

« 
CASE. I. 

The. angles and hypothentLse gi^ 
i?en, to find the base (ind perpendU 

cidar^ fig, 94. 

^ A 



i3 




Q» 
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In the light-angled^ triangle ABG^ suppose th^ aa* 
^le A46^. 30'. and consequently the apgle G 4i3^. 20f. 
(by con 2. theo. '0.) and AC SdO parts^ as feet^ yards^ 
ggiiles^ &c.) required the legs AB and BO. 

Geometrically. 

■ 

Make an angle of 46^. 80\ in blank lines (by prob. 
16. sect. 1.) as GAB ; lay 290, which is the given hy« 
pothenuse^ from a scale of equal parts^ from A to G ; 
from G^ let fall the perpendicular BG (by prob. 7* sect 
1 . ) and that will constitute the triangle ABC . Measure 
the lines BG^ and AB^ from the same scale of equal 
parts that AG was taken from : and you have the an-* 
swer. 

ft 

By Calculation. 

1. Making AC the radius, the required sides fira 
found by these propositions^ as in plate 4.* case 1, 

R : AG : : S.A : BG. 
E:AG2:S.G:AB. 



i, «. As radius, 


900 


10.00000 


is to AC; 


SdO 


2.3979* 


So is the sine of A 


46°. 30' 


9.86050^ 



toBC, 



181.4 • 



S.298d0 



As radius « 90° 
is to AO, S0Q 

@o is the sine of G 43<'. 30' 






i7S. 1, 



10.00000 
S.39794 , 
9,83781 

S.S3575 
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§9 



If from the sum of the second and third logs, that 
of the first be taken^ the remainder will be the log. of 
the fourth ; the number answering* to which^ will be 
the thing required ; but when the first log« is radius^ or 
lO.OOOOO^ reject the first figure of the sum of the other 
two logs, (which is the same thing as to subtract 
40.00000) and that will be the log. of the thing H- 
quired. 



V 



S. Marking JIJB the radius. 

Secant A': AC : : R : AB. 
Secant A : AC : : T.A : BC. 



i. e. 



As the .secant of A 46° 30' 

is to AC, SSO 

So is radios 90° 



to AB 

As the seciint of A 
is to AC, 



172.1 



46° 30' 
250 



iSo is the tangent of A 46° 30' 



toBC, 181.4 

■s, 

3. Making BC the raiiua. 

Sec. C : AC : : R : BC. 

Sec. C : AC : : T,C : AB. 



10.16219 

2.39794 

10.00000 

12.39794 
2.2857S 

10.16219 
2.39794 

10.02275 

12.42069 

2.25850 



J * 



ioa 



PLAMfi -TRIOONOIlEtRt. 



]. e. As the secant of G 
is to AG, 
So is radios 



4SP SO' 10<ia94fi> 
950 9.39/9% 
909 10.0000» 



toBG, 

As the secant of C 

i» to AG, 
So is the tangent of G 



it.%9791t 

181.4 9.25850 

43° 30' 10.13944 

950 9v39794 

43* 30' 9.977S5 



19.37519 



toAB, 



17S. 1 9.93575 



« 

Or having found one leg, the Other may be obtaiaed 
by cor« S. theo. 14^ sect, i^ 

By Gunter^s Scale^ 

On this scale there are lines of numbers^ sines, and 
tangents, as well as lines of sine and tangent rhombs^ 
tersed sines, meridional parts, and et^ual parts; but 
the three first lin^s are sufficient for our present pur- 
J>ose* 

The divisioits oil these respective lines, are the lo- 
garithms of numbers, sines and tangents, taken from 
a |cale of equal parts, and applied on the lines of the 
scale^ 

The first and third terms in the foregoing propor- 
tions, being of a like nature, and those of the second 
and fourth being also like to each other ; and the pro- 
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« 

^rtions being direct ones^ it follows^ tli|^ if the third 
term be greater or less than the first^ the foarth tentt 
Di{iU be also greater or less than the second ; therefore 
the extent in your compasses^ from thefinit to the third 
term^ will reach from the second to the fourth. 

Thus to extend the first of the foregoing proportions^ 

1 . Eixtend from 90^ to 4*6^ S&y on the line of sines } 
that distance will reach from S50 on the line of num^ 

bers^ to 181, for BC* 

»> 

S. Extend from 00^ to 43^ 3(r on thcf line of sines ; 

that distance will reach#»m S50 on the line of nnm- 

bej-s^ to 178^ for AB* 

• • 

If the firs^ extent be from a greater, to a less num- 
ber ; when you apply one point of the compasses to 

the second term, the other must be turned to a less } 

« 

and the contrary. 



^ I 



"By def. 8. sect. 1. The sine of 00^ is equal to the 

radius ; and the tangent of 49^ is also equal to the 

radius ; bec^aiise if one angle of a right-angled kiangle 

be 45% the other will, be also 45^ ; and thence (by ^e 

lemma preceding theo. 7* sect 1.) the tangent dr45^ 

is equal to the radius : for this reason the line of num-* 

bers of 10.00000, the sine 90% and tangent of 49^ be-* 

ing all equal, terminate at the same end of the scale ^ 

Where there are small brass centres^ usually placed 

to preserve the scale. 

» 

It was s^d bjefore, that the tangents ended at 45^ ; 

Wt because the logarithms of tangents more than 45% 

Qkust pass off the scale } such distances therefore as 
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exceed 49^^^ are set backwards from 45^ and nam « 
bered 50, 60, 70, &c. 

There is no line of secants on the scale ; for every 
thing requisite can be performed withoat them. 

Thus the twjo first statings of this case, answer the 
question without a secant : the like will be also' made 
evident in all the following cases* 



CASE !!.• 



Tlie hose mi angle given ; to find the perpendicnlwr 

Und hypothemise. 




In the triangle ABC there is the angle A 42^ 20\ and 
of course of the angle C 47*^ 40' (by cor. S. to theo. 
0.) aiid the leg AB 190, given; to find BC and AC. 

Geometrically 4 

•Mr 

Make the angle CAB (by prob. 16. sect. 1.) in blank 
lines, as before. From a scale of equal parts, lay 190 
from A to B ; on the point B^ erect a perpendicular 
BC (by prob. 5. sect. 1.) the poiut where this cuts .the 
other blank line of the angle, will be C ; so is the 
triangle ABC constructed: let AC and BC be mea- 
sured from the same scale of equal parts that AB was 
taken-from, and you have the answer. 



:i 



} 



\ 



\ 









I'. 
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By Calcvlation. 
1. Jflaking^J-C the radius. 

8. C : AB : : R : AC,=257. 

S. C : AB : ; S, A : BC,=1784 . 

I S. Making JIB the raiitis. 

B : AB : : T. A : BC,=178.1 
B : AB : : Sep. A : AC,=g57. 

8. Making BC the raiim. 

T. C : AB : : Sec. C : AC,=2y5;r. 
T. C : AB : : ft : BC,=sl78.i: 

I 
• 1 

By Gunter^s Scale. 

1 . Wtien AC is made the radius. 

B^^tend from ^° 40';^ to 90P,on the line of sii^es j 
that distance will reach from 190 to 29^^ on the line 
of numbers^ for AG. 

S. When AB is made the radius : the first stating 
is thus performed. 

[Extend from 45^ on the tangents (for the tangent 
of 49^ is equal to the radius^ or to the sine of 90^ as 
before) to 42° SO' ; that extent will reach from 190, 
on the line of numbers^ to 173, for BG. 

3. When BG is made the radius, thq secoBl sta- 
ting* is thus performed. • 
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*^* 

Extend from 4Ip 40'^ on the line of tangents^ to 

4S^ or radius ; that extent will reach from 190 to 173^ 

on the line of numbers^ for BC ; for the tangent |f 47^ 

* 40'^ is more than the radius ; therefore the fourth 

number must be less than the second^ as before. 

The two first statings of this case^ answer the ques- 
tion without a secant. 



CAS]^ III, 



7%e angles and perpendictdar given ; to find the 

hose and hfppthenuse. 




In the triangle ABG^ there is the angle A 40^^ and 
consequently the angle C 80°, with BC 170^ given j 
tp find AG and AB, 

As S, A : BC : : R : AC,=264, 
As B : AC : : 8. C ; AB,=S02* 

GeometricaUy. 

Make an angle CAB of 40° in blank lines ; (by prob. 
16, sect.^1.) with BC 170, from a line of equal parts, 
draw Ae popped lines EF parallel to AB (by prob. 8* 
sect. Iv; the lower line of the*angle, and from the ^oint 
where it cuts the other line ip C, let fall a perpen- 
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iOS 



dicalitr BG (by ptbh. 7, s^ct. 1.) and the triangle id 
constracted : the measui^es of AC aad AB, from the 
same scale that BO was taken^ will answer the question. 

Sht ha$e mnd kypofhenuse given i to fini the angles 

and perpendiculW4 




ttl the triangle ABG^ tliere is given> AB 300 atid 
Ac 90G : the angles A and C^ and the perpendieular 
BC, are required* 

A0 AC : R : : AB : S. C,=38° 521' 
As il ] AG : i S. A : BC,=400, 

« 

Geofnetrically4 

f'rdm a scale ^df equal parts^ lay 300 front A td B j 
on B erect an infinite blank petpendiqular line^ with 
AC 500^ from the silme scale^ and one foot of the com-^ 
j^ass^ in A, cross the perpendicular line in C ; and the 
triangle is constructed* 

By prdb. 17^ sect. 1. Measure the angl» A, and lei 

^ be measured from the siime scale of equal parts 

that AC ai^d AB were taken from ; and yon hare the 

aa^wer. 

44 
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By Gunter^s Scale. 

1« Making JiC the radius. 

£lxtend from 500 to 300^ on the line of numbeiN | 
that extent^will reach from 90^; en the Unie of sines^^ 
to se"" 52' for the angle C. 

A^n^ Extend from 00'' to SS"" 08'^ on the line of 
sines, that extent will reach from 500 to 400. oA ttub 
line of numbers^ for BG. 

S. Making AG the radius/ the seconid stating is 
thus performed. 

E^ctend froiii radius, or the tangent of 45^^ to 5S^ 
08'^ that extent will reach from 300 to 400^ for 



CASE V^ 



The perpendictdar and hypothenuse given to find the 

angles and base. 




tn the triangle ABC there is BG 306', and AC 270 
^ven ; to find the angles A and, G, and the base AB/ 
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Geometrically. 

Dr^w a blank line from any point, in whicb, at B^ 
erect a perpendicular, on which lay BC 306, from a 
wale of equal parts : from the same scale, with AC 
370, in the compasses, cross the first drawn blank lioe 
in A, and you have the triangle ABO constructed. 

Measure the angle A (by prqb. i7, sect. 1.) ; aud 
fttso AB, from the s^iqe $C9\e of e^Mftl parts the othe» 
»4fis were taken from, and yoa hav^ the answer, 

Aa AC : R : : BO : S. A,=55«> 4(8'. 
VM tt ; AC : : 8. C : AB,=SOa. 

CASE VI. 

Th^ base and perpeiidicfilar given to find the angleif 

and hypothenuse. 




-^^^^ — 7^ 



In the triangle ABC, there is AB S80, and BO 
^8? given; to find the angles A and 0^ ait^the 
hypotljenuse AC. 

Geometrically. 

Draw a blank line, on which lay AB SSff; from ^ 
scale pf equai parts ; at B, erect a perpendicular ; oii 



which lay BG^ £72^ from the same scale ; join A aii«l 
C, and the triangle is 6outraQksd» ^ 

As before^ kt the angle A> and the kfj^iknasfi 
AO Ve laisMiutd ; and je« have ^ aaswer^ 



Py Cdcuhtian. 

»» * 

1. McMng AB Me foitti*. 

AB : R : : BC : T. A, 
ft : AB : : Sec. A : AG, 

%, Making BC the radius, 

BO ! R ; : AB ; T,C. 
B. : BC ; : Sec C : AC. 

m •" 

By calculation the answer from the foregoing, pror 
portions is easily obtained^ as before. ' 

But because AC^ by either of the said proportioas^ 
is found by means of a secant ; and since there is no 
line of secants on Gunter's scale ; after having found 
the angles, ^^ before, let us suppose AG thsi radios, 
imdthen 

1. S. A : BC ; : R. ! AC. 
or, 2, S. C : AB : : R. : AC. 

These proportions may be easily resolved, either by 
calculation or by Gunter's scale as before ; and ttms 
the hypothenuse AG may be found within a secant*: 

From flie two given legs, the hypothpnuse may be ^ 
easily* 9btained, for cor* 1, theo, 14. sect, i. 
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Thus the square «f AB=S08eS 
Add th« square of B0=s73g84 



1«M09(3M=AC 
9 

835 



708)3109 
S109 



iP'irottt What hai bem said on l^^rithms^ it is plain, 

I 1. That halfthe logarithm of the sum of tiieiqnares 
fif Uie two sides, vniX be the logarithm of the hypo> 
! thenuse. Thus*, 

L 

[ 

ii The sum of squares^ lis before^ is 124609 ; its log. 
I i» 9.0905% Itlie hall of which is S,64Q77 ; 9tvt4 fhe cor- 
ftipondyttg immbttr to this^ in the tahitis, will he 89S; 
I isrAO. 

I S. And that half of the lo^rithm of the dUference 
[ of the squares of AC and AB, or of AC and BC; will 
be the logarithm of BC; or of AB. 

The following examples are inserted for the use of 
the learner. 

■i oi ? the angle C 6^ 40' CAB . , 
LGiveiv^ ^4.0 8876 ^bc"^"*'*^' 



110 



PIJUCB TSIOONOMBTBT. 



«. Given, ^ A3 17 JbC ^ ^ 



_ «. Cibe angle CS80 80' CAB^„ .,, 
8. Given, ^ ^BC ari87^AC'*^'*^ 



4. Given, 



AB 8 C the angles _^„ j„ j 
AC 3 ^ and BC "^'™«*- 



5. Given, ^ SgileUndA^" ^^- 

a #^'-«^ ^ -A.B 8871.64 C the ancles _^ ^^^^ 
d. Giren, ^ ^j. ^^^g ^ ^ and A€ m^^^- 



The answers are omitted^ that the learner may re* 
solve them himself by the foregoing methods ; . by 
which means he will find and see more distinctly theif 
mutual agreements ; and become more expert^ aa4 
the better acquainted with ihe subject. 
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OBLIQUE ANGULAR 



PLANE TRIGONOMETRY. 



JBefore we proceed to the. solution of the four cases 
of Oblique angular triangles^ it is necessary to pre- 
mise the following theorems. 



THEOREM J. 



In any plane triangle JSJBC, the sides are propor- 
tional to the sines of their opposite angles^ L e. S*C : 
JLB .- :S.^: BCy and S. C : JiB : : S. B : AC i also 
8.B.AC::S^A:BC. fig, 70. 



fg*to. 




By theo. 10. sect. 1, the half of each side is the 
sine of its opposite angle ; but the sines of those angles^ 
in tabular parts^ are proportional to the sines of the 
same in toy other measure ; and therefore the sines of 
the angles will be as the halves of their opposite sides : 
and since the halves are as the wholes, it follows, that 
the sines of their angles are as their opposite sides, 
L e. S. C : AB i : 1^. A : BC, &c. Q. E. ©, 



iift n^Axm mi^oiroimtiT. 



THEOREM. II. 



In anypkme triangle JLBC^ the s^mofthe tuf&^i>^ 
en eides JLB and BC^ including a given angle •SLBCf 
is to their difference^ ae the tangent of half Hie sum qf 
the two unknoum angles A and C is to the tangent of 
half thmr difference. Fig. 7i* 



I B A 




Produce AB fttid make HBsBC^ And join tf C ; lei 
fall the perpendicular Bfi, and that will bisect the aw 
gle HBC (by theo, 9. sect. 1.) through B draw BD 
parallel to AC^ and make HF^DC^ and join BF } 
take BI=:BA^ and draw IG parallel to BD or AC: 

It is then plain^ that AH will be the sum^ snd HI 
the difference of the sides AB and BC ; and since HB 
=s:BC, and BJl perpendicular to'HC, thereifore H£= 
EC (by.theo. 8. sect. 1.) ; and since BA=BI, andBD 
find IG parallel to BC, therefore GD=DC=FH, and 
consequently HG=FD, and | HG=| FD or ED. 
Again^ £BC being half HBC^ will be also half tlie sum 
of the anglefi A and € (by theo. 4^ sect 1.) Also since 
HB^ HF^ and the included angle H^ are severally equml 
toBC^ CD, and the included angle BCD ; therefore (by 
theo- 6, sect. 1-) HBF^DBC^BCA (by parts, thei^. 
3. sect* 1. ) and since HBD==: A (by part 3. theo. 3r sect 
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1.) and HBF=BG A ; therefore BFD is the difference, 
and EBD, half the difference of the angles A and C : 
then making BE the radius, it is plain, thai EG will be 
the tangent of half the sum, and ED the tangent of half 
the difference of the two unknown angles A and G : 
now IG being parallel to AG ; AH : IH : : GH : GH, 
(by cor. 1. theo. 80. sect. 1.) But the wholes are as 
their halves, i. e. AH : IH : : GE : ED, that is, as 
the snm of the two sides AB and BG, is to their 
difference ; so is tlie tangent of half the sum of the 
two unknown angles A and G, to the tangent of half 
their difference. Q. E. D. 



THEOREM III. 



In any right-lined plane triangle JlBD ; the base 
ADy wiU be to the aunt of the other aides^ ABy BD^ as 
the difference of those sides^ is to the d\ff^erence of the 
iegments of the base^ made by the perpendicular BE ; 
\iz. the difference between AE and ED. fig. 7^* 



A*^' 




Produce BD, till BG= AB the lesser leg ; and on B 
as a centre, with the distance BG or B A, describe a 
circle AGHF ; which will cut BD, and AD in the 
points H and F : then it is plain, that GD Mil be the 
sum, and HD the difference of the sides AB and BD j 
*^lso since AB=EF (by theo. 8. sect. 1 . ) therefore, FD,. 

15 
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:s the difference of AE and ED, the segments of ^he 
base : but (by theo. 17- sect 1.) AD : GD : : HD : 
¥D ; that is, the base is to the sum of the other sides^ 
as the difference of those sides, is to the difference of 
the segments of the base. Q. E. D. 



THEOREM IV. 



Tf td half the sum of two quantities^ be added half 
their difference ; the sum will be the greatest of them ; 
and if from half the sum be s ubtr acted half their dtf- 
ferencey the remainder will be the least of them. Jig. 73. 

A- 73. 

Let the two quantities *be represented by AB and 
BC ; (making one continued line ;) whereof AB is the 
greatest, and BC the legist ; bisect the whole line AO 
in E J and make AD=BC ; then it is plain that AC 
is the sum, and DB the difference of the two quanti- 
ties ; and' AE or EC, their half sum, and DE of 
EB, their half difference. Now if to AE we add 
EB, we shall have AB, the greatest quantity ; and 
if from EC we take EB , we shall have BC the least 
quantity. Q. JE. D. , / 

i 

Cor. Hence, if from the greatest of two quantities, 
we take half the difference of them, the remainder 
will be half their sum ; or if to half their difference 
be added the least quantity, their sum will be half 
the sum of the two quantities. 
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OBLJQUE ANGULAR TRIGK)NOMETRY. 

TWO sides and an angle opposite to one of them 
given ; to find the other angles and side. 

4 

In the triangle ABC, there is given JLB 2*0, tht 
angle A 46^ 30', and BC SOO ; to find the ' angle C 
leing acutej the angle jB, and the side AC. fig. 74. 

A. 74. 







Geometrically. 

Braw a blank line, on which set AB S40, from a 
^cale of equal parts ; at the point A, of the line AB, 
make an angle of 46^ 30', by an infinite blank line ; 
with BC 300, froin a like scale of equal parts that \l^ 
was taken^ and one foot in B, describe the arc DC to 
cut the last blank line in the points D and C. Now if 
the angle C had been required obtuse, lines from D to 
B, and to A would constitute the triangle ; but as it is 
required acute, draw the lines from C to B, and to A, 
and the triangle ABC is constructed. From a line of 
chords let the angles B and C be measured ; and AC 
from the same scale of equal parts that AB and BC 
were taken ; and you will have the answer required. 
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By Calculatian. 

m 

This is perfqrmed by theo. 1. of this sect, thus ; 



AsBC 

is to the sine of A 
So is AB 



SOO 

^fi" 30' 

340 



8.301O3 
9.86096 
S.380S1 

Ii8.34fl77 



to the sine of C, 



60° 31' 9.93974 



ISO—the sum of the angles A and C, will give the 
angle B ; by cor. 1. theo. 5. sect. 1. 
A 4«° 30' 
G 60 31 



180—107. 10=78° BV 
As the sine of A 

is to BG, 
So is the sine of B 



:rrB. 



4A'' 80' 

» 200 

720 59' 



9.86056 
9.80103 
9.98056 

13.38159 



to 'AC, 



363. 7 .3.43103 



By Gunter*8 Scale. 



Extend from 300 to 340, on the line of numbers ; 
that distance will reach from 46° 30' on the line ef 
sines, tb 60° 31' for the Angle G, 
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Extend from 46° 30', to 72 89', on tile line of sines 
that distance will reach from 200 to 268.7 on the line 
of numbers,, for AC. 

CASE IJ. 

Two angles and a side given ; to find the other sides. 

* 

In the triangle JlBC, there is the angle A 46<^ 80' 
^B S30, and the angle B 37° 30' given to find AC 
and JBC. fig. 75. 



fgs 75. 



Geometrically. 

Draw a blank line, upon which set AB 230, from 
a scale of equal parts ; at the point A of the line AB 
make an angle of 46° 30', by a blank line j and at the 
point B of the line AB make an angle of 37° 30', by 
another blank line ; the intersection of those lines 
gives the point C, so is your triangle ABC construct- 
ed. Measure AC and BC from the same scale of 
equal parts that AB was taken ; and you have the 
answer required. 

Hy Calculation. 

By (cor. 1. theo. 5. sect. 1.) 180 — t\k% sum of the 
angles A aijd B:;?C. 
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• 


A 46» 


60' 


1 


B 37. 


30 





180—84. 00=96° 00'=C. 

THe sine of 96°=the sine of 84j°, which is the sup- 
plement thereof ; therefore instead of the siqe of 9d°. 
look in the tables for the sine of SiP. then 

As S. C : AB : : S. A : BC,=167.8 
As S. C : AB : : S. B : AC,=140.8 

By Gunier^s Scale. 

Extend from SiP (which is the supplement of 96°) 
to 4*6° 30' on the sines ; that distance will r^ach from 
S30 to 168^ on the line of nmbbets^ for BC. 

Extend from 84° to 37° 30', on the sines ; that ex- 
tent will reach from S30 to 141, on the line of num- 
l)ers, for AC 

CASE III. 

Two sides and a contained angle given ; to find 
the other angles and side. 

In the triangle JlBC^ there is %SJB S40, the angle 
A 36° 40' and AC 180, given ; to find the angles C 
and Bf and the side BV. fig. 76. 

« 
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Geometrically. 

Draw a blank line^ on )vhich from a tscale of equal 
parts^ lay AB S48 ; at the point A of the line AB, 
make an angle of 36° 40';, by a blank line.; on which 
from A, lay AC 180, from the same scale of equal 
parts ; measure the angles C and B, and the side BC, 

as before ; and you have the answer required. 

• 

^ By Calculation. 

By cor. 1. theo. 9. sect. 1. 180 — the angle A 86° 
40'=143° 20' the sum of the angles C and B : there- 
lore half of 143° 20', will be half the sum of the two 
required angles, C and B. 

By theo. 2. of this sect. 

As the sum of the two sides AB and AC 420* 

is to their difference, 60 

* 

So is the taftgent of half the sum of ^ ^^^ -^, 
the two unknown angles C and B 3 
to the tangent of half their difference 23° 20' 

By theo. 4. 

To half the sum of the angles C and B 71° 40' 
Add half their difference as now found 23 20 



The sum is the greatest angle, or ang, C 95 00 
jgubtract, and you havd the least angle, or B 48 20 
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The angles C and B^ being found ; . BG is had^ as 
before^ by theo. 1. of this seot. Thus^ 

8. B : AG : S : A : BG,=143.9 



By Gunter^s Scale. 

' Because the two first terms are of the same kind/ 
extend from 420 to 60 on the line of oambe|-s ; laj 
that extent from 4S^ on the line of tangents^ aiM keep- 
ing the left leg of your compasses fixed^ move the 
right leg to 71° 40' ; that distance laid from 45^ on the 
same line^ will reach to S3^ 30'^ the half difference of 
* the required angles. Whence the angles are obtain- 
ed^ as before. 



^ ' CASE IV. 

The sides given, to find the angles. 

In the triangle JLBCy there is given, JtB 6% AC 4f7, 
Bo 34i .• the angles Ay B, C, are required, fig. 77. 



g» 77. 



' ^ 1 j> -^^ 



Geometrically. 

The construction hereof mu^t be majiifest^ from 
prob. 1. sect. 1, 
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JBtf Calculation. 

\ 

, From the point C, let fall the perpei^icular CD on 
the base AB ; it will divide the triangle into two right 
angled oneis, ADC and CBD ; as well as the base 
AB^ into the two segments^ AD and DB. 

AC 47 

BC 84 , 

Sum 81 

Difference 13 



By theo« 3. of this sect. 

As the base or the longest slde^ AB 64 

is to the sum of the other sides, AC and BC, 81 

So is the difference of those sides 13 

to the difference of the segments of 7 AaaMt 
the base AD, DB. ^ ^^'^ 



By theo. . 4. of this sect. 



3S 



To half the base, or to half the sum 
of the segments AD and BD 

Add half their difference, now foftud 8.83 



Their sum will be the greatest segment AD 40.83 

Subtract and their difference will be 7 S3 77 

the least segtnent DB 
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In the right angled triangle ADG^ there is AC 47^ 
and AD 40. 83^ given^ to find the angle A. 

This is resolved by case 4. of right angled plane 

trigonometry, thus. 

AD : R : : AC : Sec. A,=31^ 8'. 

« 

Or it may be had by finding the angle ACD, the 
, complement of the angle A ; without u secant, thus^ 

AC : R : : AD : S. ACD,=S8° 58'. 

then 90—58° 53'=31° 08', the angle A.' 

Then, by theo. 1. of this sect. 

BC : S. A : : AC : S. B,=c45° 37'. 

By cor. 1. theo. 0. sect. 1. 180 — the sum of A 
and B=C: 

That is, 31° 8'+45° 37'=76° 45' ; 

And 180°— 76° 45'=103° 15', the angle C. 

By Gunter^s Scale. 

t 

The first proportion is extended on the line 6f nam- 
bers ; and it is no matter whether yon extend from the 
first to the thirds or to the second term, since they are 
all of the same kind : If you extend to the second^ 
that distance applied to the third, will give the fourth ; 
but if you extend from the first to the third, that ex- 
tent will reach from the second to the fourth. 

The methods of extending tfie other proportions, 
have been already fully treated of. 
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«^n eaiample in each case of oblique angular trigono- 

-^ ■ metry. 

AC 290 ) A 
1. Given; \ C 8»° 3oC B ^:cqui^e<l^ 

AB 850 \BC 



C S4° SO' ) AB 
^. Giveti) ^B lS8 30y required. 

AC 3246 \ BC 



AC 6 )A 

a. Given, '\ C 124° 80' C B required. 

BC 4 5 S AB 



AB 46 ^ A 

4. Given, \ AC 02 C B required. 

BC 52 S C 



Having thus gone through plane trigonometry, we 
shall now proceed to apply the same, in determining 
the measures of inaccessible heights and distances. 
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OF HEIGHTS. 



OF BBlGHT. 



J HE instrument of least expense for taking heights, 
is a quadrant^ divided into 90 equal parts or degrees ; 
and those may be subdivided into halves^ quaters, or 
eights^ according to the radius^ or size of the instru- 
ment ; its construction will be evident by the schema 
thereof. (Fig. 78.) 




From the centre of the quadrant let a plummet be 
suspended by a horse hair^ or a fine silk thready of 
such a length that it may vibrate freely^ near the edge 
of its arc : by looking along its edge AC, to the top of 
the object whose height is required ; and holding it 
perpendicular, so that the plumet may neither swing 
from it, nor lie on it ; the degree then cut by the hair,, 
or thread, will be the angle of altitude required. 

If the quadrant be fixed upon a ball and socket on 
a three legged staif, and if the stem from the ball be 
turned into the notch of the socket, so' as to bring the 
instrument into a perpendicular position, the angle of 
altitude by this means, can be acquired with macb 
greater certainty. 
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At angle of altitude may be also taken by any of the 
instilments used in surveying ; as shall be particular- 
ly sie wn^ when we treat of their descriptions and uses. 

li/Lost (quadrants have a pair of sights fixed on the 
etge AC^ with small circular holes in them ; which are 
)defal in taking the sun's- altitude, requisite to be 
mown in many astronomical cases ; this is effected by 
letting the sun's ray, which passes thro' the upper 
dght^ fall upon ^be hole in the lower one ; and the de- 
gree then cut by. the thread, will be the angle of the 
Bun's altitude ; but those sights are uselei^s for our 
present purpose, for looking along the quadrant's edge 
to the top of the oDJect will be sufficient, as before. 




To Jmd the height of a perpendicular object at one 
station^ which is on an horizontal plane. . 



A STEEPLIE. 



fThe angle of altitude, 53 degrees. 
I Distance from the observer to the foot of 
Giveft ^ *^® steeple, or the base, 85 feet. 

I Height of the instrument^ or of the ob- 
L server^ 5 feet. 
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Required, the height of the steeple. 

The figure is constructed and wrought, in allres- 
pects, as case S. of right angled trigonometry ; qly 
there must be a line drawn parallel to, and beneth ^ 
AB of 5 feet for the observer's height, to r^presnt 
the plane upon which the object stands ; to which th 
perpendicular must be continued, and that will be tli 
height of the object. 

Thus, AB is the base, A the angle of altitude, BC 
the height of the steeple from the instrument, or fron 
the observer's eye if he were at the foot of it, DC thi 
height of the steeple above the horizontal surface. 

ft. 

Various statings for BC, as in case S. of right-aa^ 
gjed plane trigonometry. 

90o_53^=37^=C. 

1. S.C : AB : : S.A : BC=112. 8 

3. B,. : AB : : T.A : BC,=112. 8 

3. T.C : AB : : R. : BC,=113. 8 

ToBC lis. 8 

Add DB 5. the height of the obse)*ver. 

Their sum is 117- 8 or 113 feet^ the height of the 
steeple required. 
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PROB. Ui 

Jfg* 90. 




^o Ji4 the height of a perpendicular object^ en 
«n horizh^tal plane ; by having the length of the 
Bhadow giv^. 

Provide a is^ of gtaflf, whose length is given^ let 
that be set perpendicular, by the help of a quadrant 
thus ; apply the>ide of the quadrant, AC, to the rod, 
or staff; and whe the thread cuts 90° it is then per- 
pendicular ; the sa^e may be done by a carpenter^s, 
or mason's plumb. 

Having thus set the i^dor staff perpendicular, mea- 
sure the length of its s^dow, when the sun shines, 
as well as thft length o^he shad^iw of the object, 
whose height if., reqmred ;\iid yop have the proper 
requisites given. Thus, 

aft, the length of the shadoi of the staff, 13 feet. 

«6, the length of the staff, lO^^et. 

AB, the length of the shadow^f the steeple, or 
^H^^f'i 135 feet. \ 

Required BG, the height of the oLct. 

Th© triangle^ aftc, ABC, are similarVhus ; the an- 
gle ftsB, being both right ; the lines «c,\c are paral- 
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lei, being rays, or a ray of the sun. ; whence the angle 
a=A (Ay part 8. theo. 3. sect. 1.) and' consequently 
c=C. The triangles being therefore mutually equi- 
angular are similar (by theo. 16. sect. 1.) it will be 



/ 



ah : be : : AB : BC,=90 the lieight, required. 

The foregoing method is most to be depended on 5 
however, this is mentioned for variety's sake 



PROB. III. 



To take the altitude of a p&rpeindieiilff object, at the 
foot of a hiU, from the hm 9^- 

Turn the. centre A of the quadr«t> ne^* yo"^ ey^y 
and look along the side AC, or 9|side, to the top and 
bottom of the object ; and not^S down the angles, 
measure the distance from tl* pl»ce of observation 
to the foot of the object. T^^, 

r Anglp to theoot of the object, 55° i or 

«• „^ J 55° 15'. 

Given, ^ ^^gj^ ^ ^y, top of it, ai'^i or SP 15'. 

Distance * the foot of it, «50 feet. 
Required, the he^;"' of the object. 

oreometrically. 

t 

Braw the infi^it^i blank line AD, at any point in 
which A, mal£»^he angle EAB of 55° 15' and EAC 
of 31° 15' ; la" S^O from A to B ; from B, draw the 
perpendicula BE (by prob. y. of geometry.) crossing 
AC in C ; g will BC be the height of the object re- 
quired. / 
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In the triangle ABC there is given^ 

ABE, the complement of EAfi to 9(y, which is 
MP 40'. 

AGB the differei«» af the ^veii angles IMP 00'. 

The side AB. SSO. Required BC. 

This is performed as case S. of oblique angular 
trigonometry. Thus, 

180— the sum of ABE 34,° 45', and CAB 24° 00'= 
ACB 1S1° 19'. Then, 

As S. ACB : AB : : S. CAB : BC,=il9. height 
required. ,^ 



to take the altitude of a perpendicular object, dn, 
the top of a Mil, at one station ; when the top and hot 
fom of it can he seen from the foot of the hill. 
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I 



As ia prob. 1. take an angle to the top^ and another j 
to the bottom of the object ; and itieasare from the 
place of observation ta the foot of the object^ and you 
have all the given requisites. Thtts^ 

A tower on a hilL 

S Angle to the bottom^ ^S"" 80'. 
Angle to the top, &r 00'. 
Dist. to the foot of the object, 136 feet. 

Required, the height of the object. 

Geometriealfrjf^ 

Mak^ the angle DAB=r48'' 30', and lay 136 feet 
from A to B ; from B, let fall the perpendicular BD ; 
and that will be the height of the hill : produce BD 
upwards by a blank line : again, at A make the angle 
D AC=67^ 00' by a blank line, and from where that 
crosses the perpendicular produced, draw the line CB, 
and that will be the height of the object required. 

Let AC be drawn. 

In th6 triangle ABC, there is given, 

,♦ 

The angle ACD the complement of DA0=a3° 00'. 

CAB the difference between the two given angles=: 
18^ 30'. 

And the side AB 186. To find BC. 

As S.C : AB : : S.CAB : BC,=110.4i 

If BD were wanted, it is easily obtained, by the 
first case of right angled plane trigonometry : thus^ 
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Ah B : AB : : 8.DAB : DBslOl.8 



To take an inaccessible perpendicular altiiuie, on an 
korixontal plane. 



This is done at two stations, thus ; 
Let DC be a tower which cannot be approached, by 
means of a moat or diteh, nearer than B ; at B, take 
an angle of altitude to C ; measure any convenient dis- 
taace backward to A,' which note down ; at A, take 
another angle to C ; so have you the given requisites, 
thua ; 

f First angle, Ofl° 00'. 
Given, < Stationary distance, 87 feet. 

(second angle, 37° 00'. 
The height of the tower CD, is required. 

Geometrically. 

Upon an infinite) blank line, lay off the stationary 
distance 87, from A to B ; from B set off your first ; 
&nd from A, yonr second angle ; from C, the point of 
intersection of the lines which form these angles. 
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let fall the perj^endicular CD ; and that wQl be the 
height of the object required. 1 

* 

The external angle CBD^ of the triangle ABC ; is 
equal to the two internal opposite ones^ A^ and AGB 
(by theo. 4. sect. 1.) wherefore if one of the internal 
opposite angles be taken from the external angle ; the 
reiQainder will be the other internal opposite one^ thus ^ 

CBD 55^— A37°=ACB 18^, 

Therefore in the triangle ABC ; we have the |Agles 
A; and AGB^ with the side AB given ; to find BG. 

. As S. ACB : AB : : S. A : BG^=169.4. 

Having found BG^ we have in the triangle BGD, 
the an^le GBD 56^ consequently BCD 35^ and BC 
169.4 ; to find DG. 

This is performed by case the firsts of right-angled 
trigonqmetry^ three several ways ; thus : 

As R : BG : : S. GBD : DG^=i98.8> 

The height required. 

If BD^ the breadth of the m6at^ were required; it 
¥nay also be founds by three different statings, as in 
the first case of right-angled plane trigou^ometry. 
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PROB. VI. 




Let BG^ a may-pole^ whose height Js 100 feet^ h^. 
broken at D ; the upper part of which, DG, falls upon 
a horizontal plane, so that its extremity, G, is 34 feet 
from the bottom or foot of the pole. 

Bequired, tfa» segments BD and DG. 

Lay 34 feet from A to B ; on B erect the perpendi- 
cidar EG of 100 feet ; and- draw AG : bisect AG (by 

' prob. 4. sect. 1.) with the perpendicular line, £F; 
and from D, where it cuts the perpendicular BG, 
draw AJD, which will be the upper segment y and DB 

, will be the lowpr. 

By cor. to lemma preceding tfaeo. 7* sect. 1. AD 
=2DC ; and (by the lemma) the angle C=GAD. 

Jn the triangle ABC, find C, as in case 6^ of right- 
I angled trigonomelry; tiras, 

I 1. As Bd : R : : AB : T. C=GAJ),=18o 47'- 

Bytiiep. 4. sect. 1. The external angle ABD= 
^ 34!' or to twice the ^ngle*C, i. e. to C and GAD. 
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Then in the triangle ABD, there is ADB 37** 3* 
therefore also its complement DAB S2P 36' and AB 
,9% given, to find AD and BD. 

By the second case of rectangular trigonometry. 
8. As S.ADB : A3 : : R : AD or DC,«55.77. 

« 

* 

llence^ BC— DC=BD,=44- S5, as required. 



PROB. VII. 



To take the altitude of a perpendicular object on a 

hmjrom a plane beneath it. 



A-w 




This is done at two stations^ thus ; 

■ • 

Let the height DC^ of a wiad-mill on a hill be re- 
4|uired. • 

From any part of the plane whence the foot of the 
object can be seen^ let angles be taken to the foot ajid 
top ; measure thence any convenient distance towards 
the object ; and at the end thereof^ take another angle 
to the top ; and you have the propdr requisites^ thus ; 
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First station. Angle to the foot DAB SI"" 00' 

Angle to tihe top GAB 85'' 00' 
Stationary distance AB 104 feet 

Second station. Angle to the top 48^ 30' 

DC required. 

Oeometrically. 

On an indefinite blank lihe^ lay the stationary dis- 
tance AB 104 feet ; from A^ set off the second^ and from 
B^ the third given angle ; and from the intersecting 
point G of the lines formed by them^ let fall the per- 
pendicular G£ : froitn A set off the first angle^ and the 
line formed by it will determine the point D. Thus 
have we the height of the hill^ as well as that of the 
wind-mill. 

The angle CBE— A=ACB, as in the last prob. 

In the triangle ABC^ find AG thns^ 

As S.AGB : AB : : S.ABC (or sup. of GBE) : AC 
=333.6 

The angle GAE— DAE=G AD. 

The angle ADG=AED+EAD, by theo. 4i 

In the triangle GAD^ find GD thus^ 

As S. ADC : AC : : S.GAD : DG=86.46 requhtsd- 

GE, BE^ or DE^ may be found by various other 
statings, as set forth in the first and second cases of 
i^tan^lar trigonometry. 
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To find the length of an object, that stands obliqueiif 
. ontketopo/a hill, from a plane beneath* 



*t * 



Let CD be a tree whoee length is required. 

This is done at two stations. 

Make a station at B, from whence take an angle to 
the foot, and another to the top- of the tree ; measure 
any convenient distance backward to A, from whence 
also let an angle be taken to the foot and another tp 
the top ; and you have the requisites given. Thas> 

First station. Angle to the foot £BB=36<' 30'. 
Angle to the top EB0=44° 30'. 
Stationary distance AB=:104i feet. 

Second station. Angle to the foot EAB=34° 30'. 
Angle to the top EAC=3So 00 . 

Let DC and DE be required. 

The geometrical constructions of this and .the ae:xt 
problem are omitted : as what has been already said, 
and the figures, are looked upon as sufficient helps. ' 
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EBC— A=ACB,=1S«' 30', as before. 
In the triangle ABO, find BG. Thus ; 

1. As S.AGB : AB : : S. A : Be,=a54..7 
EBD— EAI)=ADB,=13° (Xy. 

Ill the triangle ADB, find DB. Thus ; 

• » 

2. S.ABB : AB : : S,DAB : DB,=S07.4. 
CBE— DBE=CCD,=9«' 00' 

In the triangle GBD there is given, GB J854.7> DB 
fl!St.% and the angle GBD 8° 00' ;' to find DG. 

This is performed by case 3^ of oblique angular 
I- ti^onoinetry, thus ; 

8. As BG+HP : BG— BD : : T. pf ^BDC+BGD 
I T. of I BDG— BGD,=55«.40'. 
I 86° 00'+ff5« 40'=141° 40'=BDG. 

86° 00'— S5° 40'=30° 20'=BGD. 
4. As S. BGD : BD : : S. GBD.: D0,=57.15, the 
length of the tree. 

To find DE,. in the triangle DBE. 

■ ' ' ' 

Say R. : BD : : S.DBE : DE,=1S3.4, the height 
pUhehill. 
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I'HOB. IX. 



To Jind tlie height of an inaccesaiMe t^ect CJ}, pn a 
kill BC, from ground that is not hoiizontal. 



From any two points, ^.s 6 and A, wbose distance 
GA, ismeaaared, and therefore ^ven ;* let the angles 
HGS; BAB, fiAC, and £AO, be taken ; because 
GH is parallel to EA (by part. 3. theo. 3. sect. 1.) the 
angle HGA=£AG ; therefore EAG+HG9=AGD : 
ana(by cor. l.theo. 1. sect. I.)i80— ^esumofEAG 
and BAO=GAD; aod (by cor. I. theo. 5. sect. 1.) 
i80— the sum of the angles AGO and GAD=GDA : 
thus we have the angles of the triangle AGB and* the 
side AG given ; thence (by case 2, of obi. trig.) 'AB 
, may be easily found. The aagle BAB-r-CAB=: 
BAC, and 9(F— BAB=ABC : and 180°— the sum 
of BAC and ABC=ACD : so have we the several 
angles of tlie triangle AGB given, and the side AB ; 
whence fby case 2. of ohl. trig.) CB may be easily 
found. We may also find AC, which with the an- 
gle BAC, will give CB, the height of the hill. 
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The solutions of th6 several problems ia heights and 
distances^ by Gunter's scale^ are omitted ; because 
^very particular stating has been already shewn by it^ 
in the rectangular and dbliqu^ angular trigonometry^ 
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OF DISTANCES. 

r 
I 

Any of the instruments used in furveying^ will give 
you the angles or bearings of lines ; which will be 
particularly shewn^ when we come to treat of them. 



I'ROB. I. 



j^* ••. 




Let A and B be two houses on one side of a river^ 
whose distance asunder is S93 perches : there is a 
tower at C on the other side of the river^ that makes! 
an angle at A^ with the line AB of 68^ SO' ; and 
another at B^ with the line BA of 66'' SO' : required 
the distance of the tower from each faouse^ viz. AO 
and BO. 

This is performed by case S. of oblique angled tri- 
gonometry^ thus : 

1. As S. C : AB : : S- A i BC,=2y0.fir 

ft. As S. C : AB : : S. B : AG;=;808-8 



01^ BISTAl^CfiS. 
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PROB. n. 



^•97, 




Let B and G^ be two hoases whose direct distance 
asunder^ BC^ is inaccessible ; however it is knowii 
that a house at A^ is S9S perches from B^ and 280 
from C ; and that the angle B AG^ is 70"". What is 
the distance BG^ between the two houses ? 

This ifl performed by case 3. of oblique angular 
trigonomebry, thus; 

4. As AB+AC .' AB— AC : : T. of | C+iB : 

T of iC— |B=3<» 44'. 

I 

050+30 44^=580 44'=p. fffio— 80— 44'=:Wo l6's=B. 

5. Al S. C : AB : : S. A : BC,=a?r. 



FROB. III. 

c 
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14S OUP 0I8TikNCK8. 

Suppose ABC a triangalar piece of ground^ inrltii 
l^j an old survey we find to be thus : AB !B60^ AC 
160^ EC IdO peiphes ; the mearing lines^ AC and 
BC^ are destroyed^ or plowed down^ and the line AB> 
only remaining. What angles must be 8€t off at A 
and Bf to run new Hearings by^ exactly where the 
old ones were P 

This is perf(^rmed by case 4. of oblique angled tri- 
gonometry^ thus; 

1. As AB : AG4^BC : : AC— BC : AD— BB^li. 

9S; then^ 

130+5.99=135.96=rAB. 
430— 9.96=121.04>=BB. 

«. As AD : E : : AC : Sec. A,=81» 45" 

8. As BG : S. A : : AC : S. B,«WPl(r. 



PROS. IV. 

Qt 




« I 



Let D and C^ be two tr€es in a bog^ to Which you 
6an have no nearer access than at A and B ; there is 
given, DAB 100^ CAB 86o 80', CBA i81^, DBA 



OF DISTAVCte, tifi 

40<», and the line AB 113 petches. B«q»ured fte dis- 
tances of :Uie traes BG. ' 

180<>->41)e Bim of DBA aqil DABsADBs81°. 
iSOP-'-JAtA ram ftf GAB aad GBA«ACB«8il.aO. 

In the triangle ABD, find DB^ thus ; 
%. As S. ABB : AB ': : 9. BAB : BB^S1«. 
And in ihe triangle ABC, find BC Owe ; 
S. As S. AGB : AB : : S. GAB : BG,=?17S.6 



In the triangle DBG, you hayeBBC=ABG— ABD 

=7S^ ; likewise the sides BD, BG, as before fonnd, 
^ven to find DC. 

3. AsBD+BC : BD— BC : : T. of i DCB+^CDB: 

T. of i DCB— iGDB,=8°8' 

54P.f8P 05=^° 05=DCB. 
g4o_8° 05=4S° 55=CDB. 

I 

4, As S, CDB : BG : : S. DBG : DC,=i83S.5 
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Jfffiom a paint Cy of u triangle dBCy ingcrihei 
in a circhy there hea perpeniicnlar CD let fall upon 
Ike opposite side JOB j that perpendicular is to one 
of the sidesy including Ike angle^ as the other side, 
including the angley is to Ike diameter of the circle^ 
i. e. DC: AC:: CB: CE, 

Let the diameter GE be drawn and join EB ; it is 
plain the angle CEB=: GAB (by cor. S. theo. 7- sect. 
%.) and GBE is aright angle,(by cor. 6. theo. 7* sect. 
1 . ) and= ADG : whence EGB= AGD. The triangles 
GEB^ G AD^ are therefore mutually equiangular^ and 
(by theo. 16. sect. 1.) DG : AC : : CB : GE,, or DC : 
AG : : CB : GE. Q. E. D. 

PROB. V. 




Let three gentlemen's seats^ A^ B^ C^ be situate ii^ 
p. triangular form ; there is giveu^ AB 2. 5 miles^ AG 
S. 3^ and BC S. It is required to build a church at 
TS^y that shall be equi-distant from the seats A^ B^ G. 
What distance must it be from each seat ; and by 
what angle may the place of it be found ? 

Geometricallj/. 

By prob. 15. s.ect. 1. Find the centre of a circle 
that will pass through the points A^ B, C j and that 
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ynXl be the place of the Qfaurch ; tiie measure of wbieh^ 
to any of theae poiutsj^ is the answer for the distance : 
draw a line from any of the three points to the centoe, 
and the angle it makes with either of the sides that 
contain the angle it was drawn to ; that angle laid off 
by the direction of an instrument^ on the ground^ and 
the distance before founds being ranged thereon^ will 
give the place of the church required. 

. By Calculation. 
1. AB : AC+BC : : AC— BC : AD— I)B^i=:fil6^ 

Then, 1.35 +.258=1. 608= AD. 

By cor. S. theo. 14/. sect. 1. The square root of the 

difference of the squares of the hypothenuse AC, and 

£iven leg AD, will give DC,=1. 786. 

i 

Then, by the preceding lemma* 

S. As CD j AG : : GB : the diameter;=S.60. 

the half of which, viz. 1.3S5 is the semi-diameter, or 
distance of the church from each seat, that is, AB, 
; CE, BE. . 

From the centre E, let fall a perpen^cular upon 
[ "any of the sides, as £F, an^ it will bisect it. in E : 
i (by theo. 8. sect 1.) 

1 Wherefore AF=CF=iAC=l-l«. 

Id the right angled triangle AFE, you, have AfV 
1.15, and A£ the radios l.SSd give% to find FAE, 

thug; - • 

19 
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8. AsAFtR. : : AE : Sec. FAB,:dl(P4r. 

Wherefore directing an instrument to make an an- 
glaof 29^ 47^ with the line AC ; and.measaring 1.335 
on that line of direction, will give the place of the 
church, or the centre of a circle that will pstss throu^ 
A, B, andC. 

The above angle FAE, may be had without a f e- 
cant, as before, thus ; 



«. 



As AE : R. : : AF -. 8. AEF^sGO'^ 18% 

Its complement £9° ^', is FAE, as before. 

The questions that may be proposed on this head 
being innumerable, we h^^ve chosen to give only a few 
of the most useful. 



V 



SECT. III. 



Cmt&imng a pai/^ctdar Ihspription of , the 9ewnd 
Instruments used in Surveyings toith their res.- 
pective Uses. And jirsty 
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1h£ stationary \Iistaiice^ ormeariDgs of ground^ are 
measured either by GKinter^s chain of four poles or 
perches^ which consist of lOQ links ; (and this is the 
nogt natural division) or by one of 60 links^ which 
contains two poles or perches ; but because the length 
of a perch differs in many places^ therefore the lengths 
trf cbitins and their respective links will differ also. 

The English sMute perch is 6\ yards^ the tifo- 
l^e chain is 11 yards^ and tiie four-pole one is SS 
yards : hence the leagth of a link in a statute-chain 
is 7.9S inches. 

There are other perches xised in different puns of 
England^ as the perch of wpvdland measure^ which 
is 6 yards ; that of church land-measure^ which is 7 
yards (or the same with the plantation-perch J and 
the forest measure perchp which is 8 yards. . 

The Irish or piantation perch, is 7 yards, as before ; 
ihfi two<^la chaia 18 14 ; and the four-pole one is S8 
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yards': henee the length of^i link inaptenta^B chftin 
is 10.08 inches. 

The Scotch perch is 18| feet, or 6J yards, or 6 
Scot's ells. In the shire of Ganningham in i^cotland^ 
their perch is 18| feet, and this perch is used \p some 
few places in the north part of Ireland, as the statute 
perch is in some oth^r parts. 

For the more ready reckoning th|» links of a fonr- 
pole chain, there is a large ring, or sometimes a round 
piece of brass fixed at every 10 links ; and at SO linksy 
or in the middle, there are tw^o large rings. In such 
chains as have a brass piece at evei^lO links there is 
the figure 1 on the first piece, S on the second, 3 on 
the third, &c. to 9. By leading therefore that end of 
the chain forward, which has the least number nea^f it, 
he who carries the hinder end may easily determine 
any number of links : thus, if he has the brass piecs 
number 8, next to him, and 6 links more in a dis- 
tance, that distance is 86 links. After the same man- 
ner 10 may be counted for every Wge ring of a chain 
which has not brass pieces on it ; and the number of 
links is thus readily determined. 

The two-pole chain has a large ring at eveiy 10 
linkd^ and in its middle, or at 25 links, there are two 
large rings ; so that any number of links may be the 
joiore readily counted off, as before. • 

The surveyor should be careful to have his chau 
measured before he proceeds on business, for the rings 
Mre apt to be open by frequent using it, and its length 
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U tliereby iiK^reased^ bo that no one era be tqp ciii^eiUB* 
speci in this point. • > \ 

In measuring a stationary distance^ there is an <Ay- 
ject fixed in the extreme point of the line to be mea* 
sured ; this is a direction for the liinder ohainman to 
govern the foremost one by, in order that the distance 
may be measured in a' right line ; for if the hinder 
chaimnan causes the other to cover, the object^ it is 
plain the foremqst is then in a right line towards it. 
For this reason it is necessary to have a person that 
can be relied on, at the hinder end of the chain^ in 
order io keep the foremost man in a right line $ and a 
surveyor who has no such person, should chain him* 
s^lf. The inaccuracies of most surveyors arise from 
bad chaining, that is, from straying out of the right 
line, as well as from other omissions of the hinder 
chainman : no person, therefore, should be admitted 
at the hinder end of the chain of whose abilities in this 
respect, the surveyor. was not previously satisfied and 
convinced ; since the suecess^of the survey, in a great 
n^asure, depends <m his care and skill. 

In setting out to measure' any stationary distance^ 
ihefotreman of the chain carries with him 10 iron pegs 
pointed, each about 10 inches long ; and when he has 
stretched the chain to its full length, he at the extre- 
mity thereof sticks one of those pegs perpendicularly 
intl^e ground ; and leaving it there, he drates on the 
chain till the hinder man checks him when he arrives 
a{ that peg: the chain being again stretched, the fore- 
man sticks down another peg, and the hindman takes 
up the former ; and thus they pf^oceed at every chain's 
length oontidned in the line to be measured^ counting 
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the sarpliis links contained between llie last peg^ and 
the objcQt at the termination ^ the line, as before : 
80 that the number of pegg taken up by the hinder 
chainman, expresses the number of chains ; towhichy 
if the odd links be annexed^ the distance line requir- 
ed in chains and links is obtained, which must be re- 
gistered in the field book, as will hereafter be shewn. 



If the distance exceeds 10, SO, 30, &:c. chains, whea 
the leader's pegs are all exhausted,|^he hinder^chain- 
man, at the extremity of the 10 chains, delivers hin 
all the pegs ; from whence they proceed to measure 
as before, till the leader's pegs are again exhausted, 
and the hinder chainman at the extremity of these 10 
chains again delivers him the pegs ; from whence ih^ 
proceed to measore the whole distance line in the like 
manner ; then it is plain, that the number of pegs the 
hinder chainman has, being added to 10, if he had 
delivered all the pegs once to the leader, or to SO if 
twice, or to 30 if thrice, &:c. will give the number of 
chains in that distance ; to which if the surplus links 
be added^ the length of the stationary distance ^ 
known in chains and links. 

It is customary, and indeed necessary,,^ to hav)^ red, 
or other coloured cloth fixed to the top of each peg^ 
that the hinder man at the chain may the more readily 
find them ; otherwise, in chaining thro' corn, high 
grass, briars, rushes, pototoes, kc. it i^ould be ex- 
tremely difficult to find the pegs which the leader pats 
down : by this means no time is lost, which otherwise 
must be, if no cloths are fixed to the pegs^ as before. 
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It will be necessary here to observe^ that all slant 
o^ inclined surfaces, as sides of hills, are measured 
horizontally, and not on the plane or surface of the 
hill^ and is thns effected : 

liet ABC be a hill, the hindmost chainman is to 
-hold the end of the chain perpendicularly over the 
point A (which he can the better effect with a plum- 
met and line, than by letting a stone drop, which is 
most usual) as d is over A, while the leader puts down 
his peg at e : the eye can direct the horizontal posi- 
tion near enough, but if greater accuracy were requir- 
ed, a quadrant applied to the chain, would settle that. 
In the same manner the rest may be chained up and 
down ; but in going down it is plain the leader of the 
ehain must hold up the end thereof, and the plum- 
met thence suspended, will mark the point where he 
is to stick his peg. The figure is sufficient to render 
the whole evident ^ and to shew that the sum of the 
chains will be the horizontal measure of the base 
of the hOl; for rf«=Ao,^=(?p, hi=pq^ &c. therefore 
ie-^f^+hiy &c. =Ad+op-fP9> &c, =AC, the base of 
the bill. If a whole elf ain cannot be carried horizon* 
tally, half a one» or less, may, and the sum of these 
half chainsi or links, will give the base^ as before. 
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If tlie inclined side of the hill be a plane surface, 
the angle of the hill's inclination may be taken, and 
the slant height mAy be measured on the aurface ; and 
thence (by case 1. of right-angled trigonometry) the 
horizontal Ime answering to the top, may be found ; 
and if we have the angle of inclination given on the 
other side, with those already given ; we can find ths' 
horizontal distance across the hill, by cnse 3. of ob- 
lique trigonometry. 

All inclined surfaces are considered as horizontal 
ones ; for all trees which grow upon any inclined sur< 
face, do not grow perpendicular thereto, but to the 
plane of the horizon : thus if Ad, cf, gh, &c. were 
trees on the side of a hill, they grow perpendicular to 
the horizontal base AGj and not to the aorface AB : 
hence the base will be capable to contain as many 
trees as are on the surface of the hill, which is mani- 
fest from the continiiatjon of them thereto. And this 
is the reason that the area of the base of a hill, is con- 
sidered to be equal in value to the bill itself. 

Besides^ the irregularities of the surfaces of hills in 
general are such, that they would be found impossible 
to be determined, by the most able uatiiematiciaae- 
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Certaia regular carte surfaces have been investiji^- 
ted with no small pains, by the most eminent ; there- 
fore an attempt to determine in general the infinity of 
iire^iilar surfaces which offer themselves to our view, 
to. any degree of certainty, would be idle and ridicu<* 
IwMy and for this reason also^ the horizontal area is 
only attempted. 

A^in^ if the circuAijacent lands of a hill be planned 
» mapped, it is evident we shall have a plan of the 
hilFs base in the middle : but were it possible tp put 
the hill's surface in lieii thereof, it would extend itself 
into the circumjacent lands, . and render the whole a 
heap of confusion : so that if the surfaces of hills could 
^ determined, no more than the base could be mapped. 

Roads are usually measured by a wheel for that 
pnrpose, to whieh there is fixed a machine, at the end 
whereof there is a spring, which is struck by a peg in 
the wheel, qnce in every rotation ; by this means the 
number of rotaticms is known. If such a wheel were 
3 feet 4 inches in diameter, one rotation would be 10| 
feet, which is half a plantation perch ; and because 330 
perches make a mile, therefore 640 rotations will be a 
mUe also : and the machinery is so contrived, that by 
m^ns of a hand, which is carried round by the worlc, 
it points out the miles, quarters, and perches, or some-* 
times the miles, furlongs and perches. 

Or roads may be ineasured by a chain more accu- 
rately ; for 80 four- pole, l60 two-pole Chains, or 320 
• perches, make a mile as before : and if roads are mea- 
sured by a statute chain, it will give you the miles 

20 ' 
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Englisb^ bat if by a plantation chain^ the miles will 
be Irish. Hence an English mile contains 1760^ and 
an Irish mile Sl&iiO yards ; and because 14 half yards 
* is an Irish^ and i 1 half yards is an English perch^ 
therefore 11 Irish perches^ or Irish miles^^are equal 
to 14 English ones. 

Since some surveys are ta]cen by a four'-pole^ and 
others by a t^o-pole chain ; and as ground for houses ^ 
is measured by feet^^e will shew how to reduce ona 
to the other, in the following problems* 



PROS. I. 

To reduce two-pole chains and links to four-pole ones. 

If the number of chains be even, the half of them 
will be four-pole ones, to which annex the links gir 
yen, thus, 

Ch. L. 

1. In 16. 37 6f two pole-chains, how many four- 
pole ones ? 



Ch. L. 

Answer 8. 37. 

But if the number of chains be odd, take the half 
of them for chains, and add 50 to the links, and they 
will be four-pole chains, and links, thus, 

Ch. L. 

a. In 17. 4S, of two-pole chains, how many four- 
pole ones P 



• * 
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"-^ Ch. L. 

Answer 8. 92. 



PROfi. It. 



To reduce four-pole cliaiiis and links^ to two-pole 



ones. 



Doable the chains^ to which annex the links^ if they 
be less than SO ; but if they exceed 50, double tha 
chains^ add 1 to them^ and take 50 from the links^ and 
fte remainder will be the links^ thu0> 



Ch. L. 

i. In 8, 37. of four-pole chains^ how miiny two 
S pole ones ? 



16 37 



Ch. L. 

2. In 8. 82 offour-pole chains^ how many two- 
is SO pole ones ? 



17- 82 Answer. 

/ 



PROS. iir. 



1 
To reduce four-pole chains and links^ to perches and 

. decimals of a perch. 

The links of a four-pole chain are decimal parts of 
it^ each link being the hundredth part of a chain ; 



'J - 
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therefore if the chains and links be multiplied by 4 
(for 4f perches are a chain) the product will be the 
perches and decimal parts of at perch. Thus, 

Ch. L 

How many perches in 13. 64< of four-pole chains f - i 



Answer 5i. 56 percht^s. 



PROB. IV. 

To reduce two-pole chains and links, to perches 
. and decimals of a perch. 

They Vnay be reduced to foar-pole ones (by prob. 
1.) and thence to perches and decimals (by the last.) 
or, 

If the links be multiplied by % carrying one to the 
chains when the links are, or exceed S5 ; and the 
chains by. S adding one, if occasion be : the product 
will be perches and decimals of a perch. Thus, 

Ch. L. 

^. In 17- SI of two-pole ohains, how many 
2. 4i perches ? 



Answer 34. 84 perches. 



Ch. L. 

S. In 15. 38. of two^pQle chains, how many 
S. 4 perches? 



Answer 31 .. 52 *p^ches. 
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PUOB. Y. 

To reduce perches^ and decimals of a percb^ to four^ 

pole chains and links. 

« 

Divide by % so as to have two decimal places in 
the quotient^ and that will give fonr-pole chains and 
links. Thus^ , 

In 31. S2 perches^ how many four-pole chains and 
links. « 



Ch. L. 

4)31.52(7. 8S Answer. 



35 



Z2 



PROB, VI. 

To reduce perches and decimals dT a perch^ to two- 
pole chains and links. 

• 

The perches may be reduce^ to four-pole chains 
(by the last) and from thence to two-pole chains (by 
prob. S.) or, 
/" 

Divide the whole number by 8, the quotient will be 

chains ; to the remainder annex the given decimals ai%4 
divide by % the last quotient will be the Unks, Thus, 

In 31.5Sperc]bies, how many two-pole eliains and 
Unks? 
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Ch. L. 

S)31.6IB(10. 38. Amswer. 



11 



4)ldS(38 



39 



YBOB. VII. 

To reduce chains and links to feet and decimal parts 

oi a foot. 

If they he two-pole ch^tins^ reduce them to four- ^ 
pole ones : (by prob. 1.) these being multiplied by 
the feet in a four-pole chain^ will give the feet, and 
decimals of a foot. Thus, x^ 



Ch. L. 

In ±7- SI of two-pole chains, how many feet ? 

Ch. L. - 

8. 71* of four-pole chains. 
66 feet = 1 chain. 



5326. 
03S6 Answer S74. 10|. 



Feet 074.86 
IS 

Inches 10.3S 

4 

1.S8 



r 
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PROB. VIII. 

To reduce feet and inches to cbains and links. * 

Aednce the inches to the decimal of a foot^ a,nd an- 
nex that to the feet ; that divided by the feet* in a fouis 
pole chain^ will give four-pole chains and links in the 
quotient : these may be reduced to two-pole chains 
and links^ if required; hf prob. 2. Thus^ 



In 216. 9. how many two-pole chains ? 
1S)9.00(,75 th^ decimal of nine inchest 
60 



66)S17.7i^(d.S9 of foui-pole chains, or 
197 



eh. Z. 

655 6. 29. of the two-pole chains. 



61 
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How to take a Survey by the C^ain only. 



PBOB. I. 



To survey a piece of ground^ by going round it^ and 
the method of taking the angles of the fields by the 
chain only. 



Jig. 92. 




Let ABCDEFG be a piece of ground to be survey- 
ed : beginning at the point A^ let one chain be laid in 
a direct line from A towards G, where let a peg be 
left, as at c ; and again the like distance from A ia a 
direct line towards B, where another peg is also to be 
left^ as at d : let the distance from d to c be Ineasured; 
and placed in the field-book, in the second columa 
under the denomination of angles, in a line with sta- 
tion No. 1. ; and in the same line under the title of 
distances, in the third column, let the measure of the 
line AB in chains and links be inserted. Being now 
arrived' at B, let one chain be laid in a direct line 
from B towards A, where let a peg be left, as at^ and 
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again^ the like distance from B in a direct line towards 
G^ where let also another peg be left^ as at e ; the dis-* 
iance from e to/ is to be inserted in the field- book^ 
in the second column^ under angles^ in a line with a 
station No S. ; and in the same line^ under the title of 
distances in the third column^ let the measure of the 
line BG^ in chains and links, be inserted : after the 
same manner we may proceed from G to D, ajid thence 
to £ ; but because the angle at E, m%. FED, is an 
external angle, after having laid one chain from E to 
h^ and to g^ the distance from gix^hh measured, and 
inserted in the column of angles, in a line with station 
No. 5. and on the side of the field-book against that 
i^takion, we make an asterisk thus^, or any other mark, 
to signify that to be an external angle, or one measur* 
ed out of the ground. Proceed we then as before, 
from E to F, to G, and thence to A, measuring the 
angles and distances, and placing them^as before, in 
the field-book, opposite to their respective stations ; so 
will the field-bQok be completed in manner following. 

«7Vl B. After this manner the angles for inaccessible 
distances may be taken, and the method of construct- 
ing or laying them down, as well as the construction 
of the map, from the following field notes, must be ob- 
' vipus from the method of taking:them. 

The form of the field-book, with the title. 

A field-book of part of the land of Grange, in the 
parish of Portmarnock, barony of Goolock, and 
county of Dublin ; being part of the estate of L. P. 
esq. let to C. D. farmer. Surveyed January 30, 

1807, 

SI 
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Taken by a four-pole chain. 



Remarks. 



Mr. J. D.'s part of Grange. 

Mr. L. P.'s part of Portmarnock 

strand 

Widow J. G.'s part of Grange 



No. 
Sta. 



1 

a 

3 
4j 
5 
6 



Angles. 
Ch. U 



1.80 

1.79 
1.76 
1.41 i 

1.87i 
1.14< 

1.89 



Distances 
Ch. I* 



17-65 
18.30 
38.00 
«0.00 
14.83 
19.41 
34.03 



Close at the first st&tioiL 



The signification of the remarks. 

Mr. J. D.'s part of Grange bounds^ or is adjacent 
to the surveyed land from the first to the third station : 
Mr. L. P.'s part of Portmarnock bounds it from the 
third to the fi^tirth station ; the strand thenis thebouo- 
dary from thence to the sixth, and from the sixth to 
the first station, the widow J. G.'s part of Grange is 
the boundary. 

It is absolutely necessary to insert the person's 
names, and town-lands, strands, rivers, bogs, rivulets, 
&:c. which bound or circumscribe the land which is 
surveyed, for these must be expressed in the map. 

In a survey of a town-land, or estate, it is sufficient 
to mention only the circumjacent town-lands, without 
"* the occupiers^ names ; but when a part only of a town- 
land is surveyed, then it is necessary to insert the per- 
son or persons' names, who hold any particular parcel 
or parcels of such town-land, as bound the parts sur^ 
veyed. 
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When an angle is very obtuse^ as most in our pre- 
sent figare are, viz. the angles at A, B, C, E, and 
Gr ; it will be- best to lay a chain frcim the angular point 
as at A^ on each of the containing sides to c and to i ; 
and any where nearly in the middle of the aiigle, as at 
e : measuring the distances ce and ed ; and these may 
be placed foi: the angle in the field-book. Thus, 

No. Sta. Angle. Dlst 

Ch. L. Ch. L. 

For when an angle is very obtuse, the chord line, as 
cd will be nearly equal to the radii Ac and AiZ ; so if 
the arc ced be swept, and the chord line cd^ be laid on 
it, it will be difficult to determine exactly that point in 
the arc where ed cuts it : but if the angle be taken in 
two parts, as ce and ed ; such chords may witii safety 
be laid on the arc, and the angle thence may be truly 
determined and constructed. 

After the same manner any piece of ground may be 
surveyed by a two-pole chain. 

PjlpB, II. 

To take a survey of a piece of ground from any point 
witiiin it, from whence all the angles can be seen 9 
by the chain only. 

Let a mark be fixed at any point in the ground, as 

&t H, from whence all the angles can be seen ; let the 

' measurers of the lines HA, HB, HC, &c. be taken 

to every angle of the field from the point H ; and let 

those be placed opposite to No. 1, S, 3, 4, &c. in 
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the second colamn of radii : the measares of the res- 
pective lines of the mearing, viz. AB^ BC, CD^ DE, 
&c. being place^ in the third colnmn of distances^ 
will complete the field-book. Thus^ 



Kemarks. 


No. 
1 

2 
3 

4 
5 
6 

7 


Kadii. 
Cb. L. 


niiitance*. 
Ch. L. 



• 


20.00 

21.72 

21.74 

25.34 

17.30 

39.63 ; 

31.20 


17.65 
18.50 
28.00 
20.00 
14.83 
19.41 
34.53 


• 


Close at the first station. 

• 



If any line of the field be inaccessible^ as stippQ|ie 
CD to be^ then by way of proof that the distance vD 
is true, let the measure of the angle €HD be taken by 
the line ooy with the ^hain ; if this angle correspoods 
with its containing sides^ the length of the line DC 
is truly obtained^ and the whole work is truly taken. 

Note. That in setting off an angle, it is necessary 
to use the largest scale of equal parts^ viz. that of the 
inch, which is diagonally divided into 100 parts, in 
order that the angle should be accurately laid dowii ; 
or if two inches were thus divided for angles, it would 
be the more exact ; for it is by no means necessary 
that the angles should be laid from the side scale with 
the stationary distances. . 



r\f 
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PROB. Ill, 



To take a survey of the chain only, when all the an 
gles cannot be seen from one point within it. 



/rs. w 



Let the ground to be surveyed be represented by 1, 
S, 3^ 4^ &c. Since all the angles cannot be seen from 
one point, let us assume 3 points, as A, B, G, from 
whence they may be seen : at feach of which let a mark 
be put, and the respective ^ides of the triangle be 
'measured and set down in the field book ; let the dis- 
tances from A to 1, and from B to 1, be measured, 
and these will determine the point 1 ; let the other 
lines which flow from A, B, C, as well as the circuit 
of the ground, be then measured as the figure directs ; 
and thence the map may be easily constructed. 

There are other methods which may be used ; as 
dividing the ground into triangles^ and measuring the 
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3 sides of each ; or by measuring the base and perpen- 
dicular of each triangle. But this we shall speak of 
hereafter. 

« 

FllOB. IV. 

How to take any inaccessible distance by the chain only, 

fg. 112. 




Suppose AB to be the breadth of a river, or any 
other inaccessible distance, which may be required. 

Lot a stajff or any other object be set at B, draw 
yourself backward to any convenient distance C, so 
that B may cover A : from B, lay off any other dis- 
tance by the river^s side to E, and complete the pa- 
rallelogram EBGD : stand at D, and cause a mark 
to be set at F, i^ the direction of A ; measure the dis- 
tance in links from E to |[, and FB will be also given. 
Wherefore EF : ED : : FB : AB. Since it is plain 
(from part. S. theo. 3. sect. 1. and theo. S. sect 1.) the 
triangles EITD BFA, are mutually equi-angular. 

If part of the chain be drawn from B to C, and the 
other part from B to E ; and if the ends at E and 
C be kept fast, it will be easy to turn the chain over 
to D, so as to complete a parallelogram ; by reckon- 
ing off the same number of links you had in BG, from 
IB to D, and jgulling each part straight. 
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OF THE 



CmCUMFERENTOR. 

/ 

/ 

X HIS instrament is composed of a brass circular box^ 
about five or six inches in diameter within which is a 
brass ring, divided on the top ; into 360 degrees, and 
numbered 10, SO, 30, &c. to 360 : in the centre of 
the box is fixed a steel pin finely^ointed, called a 
centre-pin on which is placed a needle touched with a 
load stone, which always retains the same situation ; 
that is^ it always points to the North and South points 
of the horizon nearly, when' flie instrument is hori- 
zontal, and the needle at rest. 

The box is covered with a glass li4 in a brass rim 
to prevent the needle being disturbed by wind or rain, 
at the %ime of surveying : there is also a brass lid or 
cover, which U laid over the former to preserve the 
glass in carrying the instrument. 

This box is fixed by screws, to a brass index, or 
ruler, of about 14 or 15 inches in length, to the ends 
whereof are fixed brass sights^ which are screwed to 
the index, and stand perpendicular thereto : in each 
sight is a large and a small aperture or slit, one over 
the other ; but these are changed, that is, if the large 
siperture be uppermost in the one sight, it will be low- 
est in the other, and so of the small ones : therefore 
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the small apertare in one is opposite to the iai^ one 
in the other ; in the middle of which last, there is 
placed a horse hair^ or line silk thrend. 

The instrument is then fixed on a ball and socket ; 
by the help of which anrl a screw, you can readily fix 
it horizontally in any given direction; the socket 
being fixed on the head of a thrfee-legged staff, whose 
legs when extended, support the instrument, whilst 
it is used. 

How to take field notes by the Circwmferentor. 

Let your instrument be fixed at any angle, as A^ 
your first station ; and let a person stand at the next 
angle B, or cause a staff, with a white sheet to be set 
there perpendicularly for an object tg take your view 
to : then having placed your instrument horizontally 
(whicji is easily done by turning the box so, that the 
ends of the needle may be equidistant from its bottom, 
and it traverse^ or plays freely) turn the flower de-lace 
or north part of the box to your eye, and looking 
through the small aperture, turn the index about, till 
you cut the person or object in the next angle B, with 
the horse hair, or thread of the opposite sight : the de- 
grees then cut by the south end of the needle, will give 
the number to be placed in the second column of your 
field-book in a line with station No. 1, and.expresses 
the number of degress the stationary line is from the 
north, counting quite round with the sun. 

Most needles are pointed at the south end, and hare 
a small ring at the north : such needles are better than 
those which are pointed at each end, because the sur- 
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Teyor cmiQot mistake by counting to a Wrong end ; 
which ei^ror may be frequently committed^ in using a 
two-pointed needle. 

Two-pointed needles have sometimes a ring^ but 
more usually a cross towards the north end : and the 
south end is generally bearded towards its extremity, 
and sometimes not^ but its arm is a naked right-line 
from the cap at the centre. 

Having taken the degree as or bearing of the first 
stationary line AB, let the line be measured, and the 
length thereof in chains and links be inserted in the 
third colufnn of y o\ir field-book, under the title of dis- 
fauces, opposite to station No. 1. 

It is customary, and even necessary, to cause a sod 
to be dug up at each station, or place where you fix 
the instrument : to tlie end, that if any error should 
arise in the field-book, it may be the more readily 
adjusted and corrected, by trying over the former 
bearings and stationary distances. 

"Baving done with your first station, set the instru- 
ment over the hole or spot where your object stood, as 
at B, for your second station, and send him forward to 
the next angle c^ the field, as at G ; and having placed 
the instrument in an horizontal direction, with the 
«ights directed to the object at Q, and the north of the 
box next your eye, count your degrees to the south end 
of the needle, which register in your fielk-book, in the 

second column opposite to station No. S ; then measure 

the stationary distance BC, which insert in the third 

' column, and thus proceed from angle to angle, sending 

22 
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your object before you, till you return to the place 
where you began, and you will have the fieldi-book 
complete ; observing always to signify the parties 
names who hold the contiguous lands, and the names 
of the town-lands, rivers, roads, swamps, lakes, &:c. 
that bound the land you survey, as before : and this is 
he manner of taking field-notes by what are called . 
foresights. . 

But the generality of mearsmen frequently set them- 
selves in disadvantageous places, so as often to occa- 
sion two or more stations to be made, where one may 
do, which creates much trouble and loss of time : we 
will therefore show how this may be remedied, by tal- 
king back-sights, thus : let your object stand at the 
point where you begin .your survey, as at A ; leaving 
him there, proceed to your next angle J8, where fix * 
your instrument so that you may have the longest view 
possible towards C. Having set the instrument in ^n 
horizontal position, turn the south part of the box next 
your eye, andiiavingcutyour objectat A, reckon tbe 
degrees to the south point of tbe needle, which will 
be the same as if they were taken from the object to 
the instrument, the direction of the index being the 
same. Let the degree be inserted in the field-book, 
and the stationary distance be measured and annexed 
thereto, in its proper column ; and thus proceed from, 
station to station, leaving your object in tbe last point 
you left, till you return to the first station A. 

By this method your sta;tions are laid out to the best 

advantage, and two men may do the business ofthree^ 

*for one of those who chain, may be your object ; but 
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in fore-sights^ you must have an object b'efdre you, • 
besides two chainmen. 

It was said beforei, that a surveyor should have^ a 
person with him to cary the hinder end of the chain, 
on whom he can depend : this person should be expert 
and ready at taking oflf-sets, as well a^ exact in giving 
a faithful return of the length of every stationary line. 
One who has such a person, and who uses back-sights, 
*ill be able to go over near double the ground he could 
in the same time, by taking fore-sights. But if the 
surveyor has no such person on whom he can with 
safety depend, he onust take fore-sights, because of 
overseeing the chaining; for should he take back- 
sights, he must be obliged, after taking his degree, 
to go back to the foregoing station, to oversee the 
chaining, and by this means, to walk three times 

over every line, whicb is a slavery npt to be borne, 

i » • 

Or a back and a fore-sight may be taken at one sta- 
tion, thus ; with the south of the box to your eye, ob- 
. serve from B the object A, and set down the degree in 
your field-book, cut by the south end of the needle. 
* Again from B observe an object at 13, with the north 
of the box to your eye, and set down the degree cut 
by the south point of the needle, so have you the bear- 
ings of the lines AB and BC ; you may then set up 
your instrument at D, from whence take a back-sight 
: to C, and a fore-sight to E ; thus the bearings may 
I be taken quite round, and the stationary distances 
I being annexed to them, will complete the field-book. 
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But in this last method, care. must be taken to see 
' that the sights have not the least cast on either side ; if 
they have, ft will destroy all ; and yet with the same 
sights, you may take a survey by fore- sights or by 
backs-sights only, with as great a truth as if the sigWs 
were ever so erect, provided the same cast continties 
without alteration ; but upon the whole, bacjk-sights 
only will be found the readiest method. ^ 

• If your DMdle be pointed at each end, ia taking 
fore- sights, you may turn the north part of the box to 
your eye, and count your degrees to the south part of 
the needle, as before ; or you may turn the south of 
the box to your eye, and count your degrees to tk 
north end of the needle. 

But in back-sights you may turn the north of the 

box to your eye, and count your degrees to the north 

.point of the needle ; or yoii may turn the south of the 

box to your eye, njxd cpunt your degrees to the south 

end of the needle. . , j 

The brass ring in the .box is divided on the side. 
into 360 degrees, thus : -from the north to the east into ^ 
90, from the north to the west into 90, from the south 
to the east into 90, and from the south to the west into 
00 degrees; so the degrees are Yiumbered from the 
north to the east or west, and from the south to the 
east or west. 

The manner of using this part of the instrument is 
thus ; having directed your sights to the object, whether 
fore or back, as before ; observe the two cardinal points 
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of your compass the point of the needle lies between 
(the norths south^ east^ and west^ being called the 
four cardinal points^ and are graved on the bottom of 
the box) putting down those points together by their 
initial letters^ and thereto annexing the number of de- ' 
grees^ counting from the north or souths as before^ 
thus ; if the point of your needle lies between the 
north and east, north and west, south and east, or 
south and west points in the bottom of the box^ then 
put down NB, N W, SB, or SW, aanexiBg thereto 
the number of degress cut by the needle on the side ef 
the ring, counting from the north w^sontii, as before. 

But^f the needle point exactly to the north, south, 
east, or west, you are then to write down N, S, £^ or 
W, without annexing any degrees. 

This is the manner of taking field-notes, whereby 
the content of ground may be universally determin- 
ed by calculation ; and they are said to be taken by 
the quartered compass, or by the four nineties. 

To find the number of degrees contained in any given 

angle. 

Set up your instrument at the angular point, and 
thence direct the sights along each leg of the angle, 
and note down their , respective Bearin$;s^ as before ; 
the difference of these bearings, if less than 180, will 
be the quantity of degrees contained in the given an- 
gle ; but if more, take it from 360, and the remainder 
will be the degrees contained in the given angle. 
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OF TUB 

THEODOLITE. 

X HIS instrument is a civcle^ commonly of brass^ of 
ten or twelve inches in diameter^ whose limb is divid- 
ed into 8S0 degreQs^ and those again are subdivided 
into smaller parts as the magnitude of it will admit ; 
sometimes by equal divisions^ and sometimes by dia- 
gonals^ drawn from one concentric circle of the limb 
to another. 

In the middle is fixed a circumferentor^ with a 
needle ; but this is of little or no use^ except in find- 
ing a meridian line^ or the proper situation of the land. 

Over the brass circle is a pair of sights^ fixed to a 
moveable index^ which turns'on the centre of the in- 
strument^ and upon which the circumferentor box is 

placed. 

* » ■ 

This instrument will either give the angles of the 
field, or the bearing of every stationary distance line, 
from the meridian ; as the circumferentor and quarter- 
ed compass do. 



* 
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First then^ To take the angles of the field. 



Lay the ends of your index to 360^ and 180 ; turn 
the whole about with the 360 from you ; direct the 
sights from A to G^ and screw the instrument fast ; 
direct them from A, to cut the objectat B ; the degree 
then cut by that end of the index which is opposite to 
you, will be the quantity of the angles GAB, to place 
in your field-book ; to which annex thei measure of the 
line AB, in chains and linkl^ ; set up your instrument 
at B, unscrew it, and lay the ends of your index to 
360 and 180 ; turn the whole about with the 360 from 
you, or 180 next you, till you cut the object at A ; 
screw the Instrument fast, and direct your sights to the 
object at C, and the degree then cut by that end of 
the index which is opposite to you, will be the quan- 
tity of the anglfc ABO. Thus proceed from station 
to station, still laying the index to 360, turning it from 
you and observing the object at the foregoing station, 
screwing the instrument fast, "and observing the object 
at the following station, and counting the degrees to 
the opposite end of the index, will give you the quan- 
tity of each respective ai^fk. 
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All the angles of any polygon^ are equal to twice 09 
many right angles as there are sides less hy four. 
Thus, all the angles JL, B, C, 1>, E, F, 6f, are 
equal to twice as many right angles as there are 
sides in the figure, less by four. 

liCt tbe polygon be c^^spoaed into triangles^ by lioes 
drawn from any assigned point H witbin it^ as by the 
lines HA, HB, HC, &c. It is evident tben (by thee. 
5. sect. 1 . ) tbat the three angles of each triangle are 
equal to two right ; and iConsequently, that the angles 
in all the triangles are-twice as many^ right cmes as 
there are sides : but all the angles about the point H^ 
are equal to four right (by cor. S. theo. 1. sect. 1.) 
therefore the remaining angles are equal to twice as 
many right ones as there are sides ill the figure, abat- 
ing fotfr. Q. E. D. 

i 

SCHOLIUM. 

Hence we may know if the angles of a survey be 
truly taken : for if their sum be equal to twice as many 
right angles, as there are stations, abatiifg four rigbt 
angles, you may conclude that the angles were tmjy 

taken, otherwise not. 

♦ 

If you take the bearing of any line with the circum- 
ferentor, that bearing will be the number of degrees 
the line is from the north ; consequently the north most 
be a like number of degrees from the line, and thu^. 
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the nottli^ and of course the south, as well as the east 
and west, or the situation of the land is obtained. 

Secondly, To take the bearing of each respective line 

from the meridian ; or to perform the office of the cir- 

cumferentory or quartered compass^ by the theodolite. 

Sefc your instrument at the first station, and lay the 
index to 360 and 180, with the flower-de-luce of the 
box next the 360 ; unscrew the instrument, and turn 
the whole about, till the north and south points of the 
needle cut the north and south points in the box ; then 
screw it|fast, ^o is the instrument north and south, 
abstracted of the variation. 

The circumferentor box may be then taken off. , 

■ 

Direct the sights to the object at the second station, 
and the degree cut by the opposite end of the index 
will be the bearing of that line from the north, and 
the same that the circumferentor would give* 

After having measured the stationary distance, set 
up your instrument at the second station ; unscrew it, 
and set either end of the index to the degree of the 
last line, and turning the whole about with that degree 
towards you, direct your sights to an object at the 
foregoing station, and screw the instrument fast ; it 
will then be parallel to its former situation, and con- 
sequently north and south ; direct then your sights to 
an object at the following station, and the degree ciit 
by the opposite end of the index, will be the bearing' 
of that line. ' 

la tike manner you may proceed thro' the whole. 

S3 
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If the brass circle be divided into four nineties, from 
860 and 180, and the letters, N, 8, E, W, be appli- 
ed to them ; the bearings may be obtained by puttio^ 
down the lettiirs the far or opposite end the index lies 
. between, and annexing thereto the degrees from the 
N or 8 ; and this is the same as the quartered compass. 

If you keep the compass box on, to see the mutual 
agreement of the two instruments ; after having fixed 
the theodolite north and south, as before ; turn the 
index about with the north end or flower-de-luce next 
your eye, and count the degree to the opposite or 
south end of the index, and this will corresp(fnd with 
the degree cut by the south end of the* needle. 

9 

At the second, or next station, unscrew the instra* 
ment, and set the south of the index to the degree of 
the last station ; turn the whole about, with the south 
of the index to you, and cut the object at the foregoing 
station ; screw the instrument fast, and with the north 
of the index to you, cut the object at the next following 
station, the degree then cut by the south of the index, 
will correspond with the degree cut by the south end 
of the needle, and so through the whole. 

i^ome theodolites have a standing pair of sights fix- 
ed at 360 and l80, besides those on the moveable in- 
dex : if you would use both, look through the standing 
sights, with 180 next you, to an object at the fore- 
going jstation \» screw the instrument fast, and direct 
the upper sights on the moveable index to the object, 
at the following station, and the degree cut by the op- 
posite end of the index, will give you the quantity of 
the angle of the field. 
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Two pair of t^ights can be of no use in finding the 
angles from the meridian ; and inasmuch as one pair 
is sufficient to find the angles of the fields the second 
can be of no use : besides^ they obstruct the free mo- 
tion of the moveable index^ and therefore are rather 
au incumbrance than of any real use. Borne will have 
it, that they are useful with the others^ for setting off 
a r^ht angle^ in taking an off- set : and surely this is 
as easily performed by the one pair on the moveable 
index : thus^ if you lay the index to 360 and 180^ and 
cut the object either in the last or following station^ 
screw the instrument fast, and turn the index to 90 
and S70; and then it will be at right angles with the 
line* So that the small sights^ or those of the circle^ 
can be of no additional use to the instruments and 
therefore should be laid aside as useless. 

This instrument may be used in windy and rainy 
weather^ as well as in mountainous and hilly grounds^ 
for it does not require an horizontal position to find 
the bearings or angle^ as the needle doth ; and there- 
fore is preferred to any instrument that is -governed by 
the needle. 

QF THE SEMICIRCLE. 

X HIS instNiment as its name imports^ is a half circle, 
divided from its diameter into 180 degrees, and from 
thence again, that is, from 0, to 360 : it, is generally 
made of brass, and is from 8 to 16 inches diameter. 
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On the centre there is a moveable index^ with sights 
o^ which is placed a circumferentor-box^ as in the 
theodolite. • . . 

This instrument may be used as a theodolite in all 
respects ; but with this difference^ when you are to 
reckon the degree to that end of the index which is 
off of the semicircle, you may tnd it at the other end. 
reckoning the degree from 180 forwards. 

OF THE PLANE TABLE. 

A PLANE TABLE is an oblong tof oak, or other wood, 
about IS inches long, and IS broad ; they are'generally 
composed of 3 boards which are easily taken asunder, 
or put together, for the convenience of carriage. 

There is a box frame, with 6 joints in it, to take off 
and put pn as occasion serves ; it keeps the table to- 
gether, and is likewise of use to keep down tf sheet of 
paper which is put thereon. 

The outside of the frame is divided into inches and 
tenths, which serve for ruling parallels or squares on 
the paper, or for shifting it, when occasion serves. 

The inside of the frame is divided into 360 degrees, 
which though unequal on it, yet are the degrees of a 
circle produced from its centre, or centre of the table, 
where there is a small hole. 

The degrees are subdivided as small as their distance 
will admit ; at every tenth degree are two numbers, one 
the number ef degrees, the other its complement to 36(). 
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There is another centre hole, about J of the table's 
breadth from one edge, and is ia the middle between 
the two ends. To this centre hole on ihe other side of 
the frame, there are the divisions of a semicircle, or 180 
degrees ; and these again are subdivided into halves, 
or quarters, as the size of the instrument will admit. 

That side of the framt on which the 360 degree§ 
are, 'Supplies the^ place of a theodolite, the other that 
of a semicircle. 

There is a circumferentor-box of wood, with a paper 
chart at the bottom applied to one side of the table by 
a dove-tail joint, fastened by a screw* This box (be- 
sides its rendering the plane table capable of answer- 
ing the end of a circumferetitor) is very useful for plac- 
ing the instrument in the sajne position every remove^ 

There is a brass ruler or index, of about two inches 
broad, with a sharp or fiducial edge, at each end of 
which is a sight ; on the ruler are scales of equal 
parts, with and without diagonals, and a scale of 
chords ; the whole is fixed on a ball and socket, and 
set on a three-legged staff. 

To take the angles of a fields by the table, 

* 

Having placed the instrument at the first station, 
turn it about till the north end of the needle be over the 
meridian, or flower de-luce of the box, and there screw- 
it fast. Assign any convenient point, to which apply 
the edge of the index, , so as through the sights you 
may see the object in the last station, and by the edge 
of the index from the point draw a line. Again, turn 
about the index with it^ edge to the same point and 
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through the sights observe th^' abject in the second 
station^ and from the point, by the edge of the index, 
draw another line ; so is the angle laid down ; on that 
last line set off the distance to the second station, in 
chains and links : apply your instrument to the second 
station, taking the angle as before ; and after the like 
manner proceed till the whole is finished. 

This method may be used in good weather, if the 

needle be well touched and play freely ; but if it be m 

windy Mjeather, or the needle out of order, it is better, 

after having taken the first angle as before, and having 

removed you^ instrument to the second station, and 

placed the needle over the meridian line as before, to 

lay the index on the last drawn line, and look bact 

ward thro' the sights ; if you then see the object in the 

first 6tl^ion, the table is fixed right, and the needle is 

true ; if not, turn the table about, the index lying on 

the last line, till through the sights you see the object 

in the first station ; and then screw it fast, and keeping 

the edge of the index to the second station, direct 

your sights to the next ; draw a line by the edge of 

the index, and lay off the next line ; and proceed 

through the whole without using the needle, as you 

do with the theodolite. 

# 
If the sheet of paper on the table be nUt large 

enough to contain the map of the ground you survey^ 
you must put on a clean sheet, when the other is fttU ; 
and thii^i is called shifting pf paper, and is thus per- 
formed. 
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Let ABGD represent the sheet of paper on the plane 
table^ upon which the plot E, F, G, H, I, K, L, M, 
is to be drawn ; let the first station be £^ proceed as 
before from thence to F^ and to 6 ; then proceeding 
to H, you find there is not room on your paper for 
the line GH ; however draw as much of the line GH 
.^s the papor can hold^ or draw it to the paper's edge. 
Move your instrument back to the first station £^ and 
proceed the contrary way to M, and to L ; but in go- 
ing from thence to K^ you again find your sheet will 
not hold it ; however, draw as much of the line LK 
on the sheet as it can hold. 

TaJte that* sheet off the' table, first observing the 
distance oo of the lines GH and LK, by the edge of 
the table ; take off that sheet and mark it with No. 1. to 
signify it to be the first taken off. Having then put on 
another sheet, lay that distance op on the contrary end 
of the taWe, and so proceed, as before, with the resi- 
due of the survey, from o to H, to K, and thence to o ; 
• so is your survey complete. 

In like manner you may proceed to take off, and 
put on, as many sheets as are convenient ; and these 
may afterwards be joined together with mouth glue, 
or fine white wafer very thin. 
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If the index he fixed to the first centre^ using the 
360 side, it will then serve as a theodolite, and when 
te the second ce^tre^^ using the 180 side^ it will serve 
as a semicircle ; hy either of which you may survey in 
rainy weather^ when you cannot have paper on that ta- 
ble. 
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TO TAKE AN ANGLE OF ALTITUDE BY THE CIR- 
CCJMFERENTOR, THEODOLITE, SEMICIRCLE/ OK 
PL.ANE TABLE. - . 

1 # To take an angle of altitude^ by the drcumfs" 

rentor. 

Xjet the gUss lid be taken off^ and let the iixstrament 
be turned on one side^ with the stem of the ballinto 
the notch of the socktt^ so that the circle may bc^ per- 
pendicular to the plane of the horizon ; let the instru- . 
ment be placed in this situation before the object^ so 
fhat the top thereof may be seen through the sights ; 
let a plummet be suspended from the centre pin^ -and 
tiie object being then observed^ the complement of the 
number of degrees^ comprehended between the thread 
of the plummet^ and that part of the instrument which 
IS next your eye^ will give the angle of altitude re- 
quired. 

r 

S. If an angle of altitude is to be taken by the theo- 
dolite^ or semicircle^ let a thread be run through a hole 
at the centre^ and a plummet be suspended by it ; turn 
the instrument on one side^ by the help of the ball and 
notch in the socket for that purpose^ so that the thread 
may cut 90, having 360 degrees next you ; screw it 
fast in that position, and through the sights cut the top 
of the objects ; and the degrees then cut by the end of 
the index next you, are the degrees of elevation re(juir- 
, ed. An angle of depression is taken th6 contrary way. 

3. By the plane table an angle of altitude is taken 
in the like manner, by suspending a pluqunet from the 
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centre thereof, having turned the iable on one side^ 
and fixed the index to the centre by a screw^ so as tb 
move freely, let the thread cnt 90, look throngh the 
sights as before, and you have the angle of elevation, 
and on the contrary that of depression. 



^^ 
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OF THE PROTRACTOR. 

JL HE protractor is a semicircle annexed to a scale^ 
and is made of brass^ ivory^ or horn .- its diameter is 
generally about five or six inches. ' 

The semicircle certains three concentric semicircles 
at such distances from each other^ that the spaces be- , 
tween them may contain figures. 

The outward circle is numbered from the right to 
the left hand^ with 10^ 20, 30, &c. to 180 degrees ; 
the middlemost the same way^ from 180 to 360 de- 
grees ; and the innermost^ from the upper edge of the 
scale both ways, from 10, 20, 30, &c. to 90 degrees. 

It is easy to conceive that the protractor, tho' a semi- 
circle, may be made to supply the place of a whole cir- 
cle ; for if a line be drawn, and the centre-hole of the 
protractor be laid on any point in that line, the upper 
edge of the scale corresponding with that line, the 
divisions on the edge of the semicircle will run from , 
to 180, from right to left : again, if it be turned the 
other way, or down- wards, keeping the centre-hole 
thereof on the aforesaid point in the line, then the 
divisions will run from 180 to 360, and so completes 
an entire circle with the former semicir<)le. 

The use of the protractor is to lay off angles, and 
to delineate or draw a map, or plan, of any ground 
from the field-notes ; a^d is performed in the follow- 
ing manner. 
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Toprotru§t afield-hookf when the hngtes are taken 

' from the meridian. 



% 




On yoiir paper, rale lines parallel to each other, at 
an inch asnnder (being most usual) or at any other 
convenient distance : on the left end of the parallels 
put N. for north, and on the right S. for south ; put 
£. at the fop for east, W. at the bottom of your paper 
for west. 

Then let the following field-book be that which is 
to be protracted, the bearings J)eing taken from the .. 
meridian, whether by a circumferentor, theodolite, or I 
semicircle^ and meas6reA with a two-pole chain. 



"■' 


- 




No 


Bearing 

S83| 


Ch. L. 


1 


55.20 


2 


3481 


1S.36 


3 


317 


S9.S0 


4 


966 


55.80 


%5 


•19-i 


40.00 


6 


i24i 


76.00 


7 


63| 1 


87.02 



Close at the first station* 



or THE PROTRACTOR. 18^ 

Pitch upon any convenient point on your paper^ for . 
yoar first station, as at 1, on which lay the centre-hole 
of your protractor, with a protracting-q)in ; then if the 
degrees be less than 180, tarn the arc of your protrac- 
tor downwards, or towards the w^t ; but if more than 
ISO, upwards, or towards the east. 

Or if the right hand be made the north, and the 
left the souths the west w;ill be then up, and the east 
down. 

In this case, if the degrees be less than 180, turn 
the arc of your protractor upwards, or towards the 
west ; and if more, dow nwards^ qjc towards the east., 

< 

By the foregoing field-book, the first bearing is 
S83 1 ; turn the arc of your protractor upwards, keep- 
ing the pin in the centre- hole, move the protractor so 
that the parallel lines may cut opposite divisions, 
either on the ends of the scale, or on the degrees, and 
then it is parallel. This must be alwajfs first done, 
before you lay oflf your degrees. 

Then by the edge of the. semicircle keeping the pro- 
tractor steady, with the pin prick the first bearing S83|, 
and frqpi the centre-point, ihnf that point or prick, 
draw a blank line with the pin, on which from a 
scale of equal parts, or from the scale's edge of tlie 
protractor, lay off the distance 65C. 20L. so is that 
station protracted. 

. At the end of the first station, or at S, which is the 
beginning of the second, with the pia4)lace the centre 
,of the protractor, turning the arc up, because the 
bearing of the second srt^tion is more than l||9B, viz. 



1 

t. 

I 
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348|. Place your protractor parallel as before, and by 
the edge of the semicircle, with the pin prick at that 
de^e, thro' which and the end of the foregoing sta. 
tion, draw a blank line, and on it set the distance of 
that station. 

In like manner proceed thro' the whole^ only ob- 
serve to turn the arc of your protractor do wn^ wkeft 
the degrees are less than 180. 

If you lay off the stationary distances by the edge 
of the protractor, it is necessary to observe^ that if 
your map is to be laid down by a scale of 40 perches 
to an inch, every division on the protractor's edge will 
be one two-pole chain ; | a division will be 25 linb; 
and i of a division will be 1S| links. 

If your map is to be laid down by a scale of SO 
perches to an inch, two divisions will be one two- 
pole chain ; one division will be S5 links ; | tL division 
1S| links, and | of a division will be 6| links. 

In the general, if 25 links be multiplied by the num- 
ber of perches to an inch, the map is to be laid down 
by, and the product be divided by gO (or which is 
the same thing, if you cut off one and take tl^e half) 
you will have the value of one division on the pro- 
tractor's edge, in links and parts. 



i 
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EXAMPLE, 



1. How many links in a division^ if a map be laid 
down by a scale of 8 perches to an inch ? 

■ Sff 

8 

S10)S0I0 

10 links. Answer. 

3. How many links in a diviaion, if a map be laid 
down by a scale of 10 perches to an inch ? 

25 
• 10 



\ 



SI0)39l0 



12.5 or iSI links. Answer. 



|, ^ And so of any other. 



. To protract a field-book^ taken by the angles of the 

fi£ld. 



Note, We here suppose the land surveyed is kept 
on the right hand as you survey. 
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Draw a blank line with a ruler of a length greater 
than the diameter of the protractor ^ pitch upon any 
convenient poin*t therein^ to which apply the centre* 
hole of yoar protractor with your pin^ tarning the are 
upwards if the angle be le«s than 180^ and downwards 
if moie ; and observe to keep the upper edge of the 
scale^ or ISO and degrees upon the line ; then prick 
off the numbef of degrees contained hi the given 
angle and draw a line from the £rst point through the 
point at the degrees ; upon which lay the stationary 
distance. Let this line be lengthened forwards and 
backwards^ keeping your first station to the right^ and 
second to the left; and lay the centre of your protrac- 
tor over the second station^ with your pin, turning the 
arc upwards, if the angle be less than 180, .and down- 
wards, if more ; and keeping the 180, and degrees 
on the line, prick off the number of degrees contained 
in the given angle, and thro' thai p\)int and the last 
station draw a line, on which lay the stationary dis- 
tance : and in like manner proceed through the whole. 

In all protractions, if the end of the last station falls 
exactly in the point you began at, the field-work and 
protraction are truly taken, and performed ; if not, an J 
error must have been committed in one of them ; in 
such case make a second protraction : if this agrees 
with the former, and neither meet or close, the fauli ' 
is in the field-work, and not in the protraction ; and 
then a re-survey must be taken. 



1^ 
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SECTION IT. 

Containing two Methods by which the Areas of fight- 
lined figures may be determined^ 

DEFINITION* . 

Jl HE area or content oi any plane surface in percbes^ 
is the number of square perches that surface contains. 



A.M. 
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Let ABCB represent a rectangular parallelogram 
or oblong : let the side AB^ or DC^ contain 8 equal 
parts ; and the side AD, or BC^ three of such parts ; 
let the line AB be moved in direction of AD, till it has 
come to EF ; where AE, or BF (ihe distance of it 
from its first situation) may be equal to one of the 
equal parts. Here it is evident, that the generated ob- 
long ABEF, will contain as many squares as the side 
AB contains equal parts, which are 8 ; each square 
having for its side one of the equal parts, into which 
AB, or AD, is divided. Again let AB move on till 
it comes to Gil, so as GE, or HF, may be equal to 
AE, or BF ;. then it is plain that the oblong AGHB, 
will conti^n twice as many squares#s the side AB con- 

85 



7 
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taio^ equal parts. After the same manner it will ap^ 
pear^ that the oblong ADGB will contain three times 
as many squares as the side AB contains equal parts ; 
and in general^ that every rectangular parallelpgrami 
whether square or oblongs contains as many squares 
as the product of the number of equal parts in the 
base^ multiplied into the number of the same equal 
parts^ in the height^ contains units, each square hav- 
ing for its side one of the equal parts. 

« 

Hence arises the solution of the following problems* 

PROB. I. 

To find the content of a square piece of ground. 

1. Multiply the base in perches, into the perpen- 
dicular in perches (or spuare the base) the product 
will be the content in perches ; and because 160 per- 
ches make an acre, it must thence follow, that 

An^ area, or content in perches, being divided by 
160, will give the content in acres; the remaining 
perches, if more than 40, being divided by 40, will 
give the roods, and the last remainder, if any, will be 
perches. 

Or, thus ; 



S. Sqdare the side in four-pole chains and links^ 
and the product will be square four-pole chains and 
links ; divide this by 10, or cut off one more than the 
decimals, which aij^ five in all from the right towards 
the left ; the figures resting to the left are acres^ because 
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iO square four-pole chains make an acre^ and the re- 
maining figures are decimal parts of an acre. Multi- 
ply the figures to the iright by % cutting 5 figures from 
the first product, and if any figure be to the left of 
them, it is a rood, or rlS^ods ; multiply the last cnt off 
figures by 40, cutting off five or (which is the same- 
thing) by 4, cutting off four ; and the remaining figures 
to the left, if any, are perches. 

1 • The first part is plain, from considering that a 
piece of ground in a square form, whose side is a 
perch, must contain a perch of ground ; and that 40 
such perches make a rood, or stang, and four roods an 
acre; or which is the same thing, that 160 sqtiars 
perches make an acre as before. 

2. A square four-pole chain (that is a piece of 
ground four-poles or perches every way) must coiji* 
tain 16 -square perches ; and since 160 perches make 
an acre, therefore 10 times 16 perches, or 10 square 
four-pole chains make an acre. 

Note, That the chains given or required, in any of 
the following problems, are supposed two-pole chains, 
that chain being most commonly used ; but they must 
be reduced to four-pole chains or perches for calcu- 
lation, because the links will not operate with them 
as decimals. 
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Let ABGD be a squitre fields whqso side is 14.80 ; 
% demand the content in lucres. 

Cb. U 

By problem 4. section 8. H.99 are equal to S946 

perches; then 

« 

A. R. p. 

89. 16 X 30.16=800.3056=5 1 10 



Or. thus : 

[ Ch. 1^ ♦ Ch. L. 

14.26 are equal to 7- 29 of four-pole chains^ by 
pob. 1. sect. 3. and 7. S9+7. 29=50. 1441 chains^ 
which divided by 10 gives the content as before. 

It is required to lay down a map of this piece of 
ground^ by a scale of twenty perches to an inch. 

Take 29.16 the perches of the given side^ from the 
small diagonal on the common surveying scale, where 
20 small, or two of the large divisions are an inch ; 
make a square whose side is that length (by prob. 9f 
sect. 1.) aa4 it is done. 



I 



TO FIND THE CONTENT OF GROUND. 197 



PROB. II. 

To find the side of a square^ whose content is given. 

Eixtract the square root of the given content in 
perches^ and you have the side in perches, and con- 
3^i^ently in chains. 

EXAMPLE. 

It is required to lay out a square piece of ground 
wMch sliall contain ISA. SR. 16P. Required the num- 
ber of chains in each side of the square ; and to lay 
down a map of it, by a scale of 40 perches to an inch. 

IS. 3. l6,=tS056 ; the square root of which is 

Oh. L ^ 

4i5, 34=SS. 33|. 

♦ To draw the map, 

From a scale where 4 of the large^ or 40 of the 
small divisions ane an inch, take 45. 34. the perches 
of the side, of which make a square. 

ft 

' PROB. in. 

To find the covstent of an oblong piece of ground. 
Multiply the length by H;he breadth, for the content. 
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EXAMPLE. 



Jg^9, 




Let ABCD be an oblong piece of ground, whoM 
length AB is i4C. SOL. and breadth 8C. 37L. 1 
demand the content in acres, and also to lay down t 
map of it, by a scale of i^ perches to an inch. 



Ch. L. Perches. 



' 8.37=17.48 5 ®y P^^- ^ ®®^** ^• 

A. B. P. 

Then 17.48x»9.=506.9.i8 perches=3. 0. S6.9» 

• Or, thus : 



4 pok-cbaini. 
Ch. L. Ch. L. 

a 



1. L. ua. L.. 
(.37=4.37 ^»y P~'' 



. i. sect. 3. 



Asp 

Then 7-85x4.37=31.6885 chains=3.0* S6.98 As 
before. 



To draw the map. 

Make an oblong (by schol, to prob. 9* sect. 1.) 
whose length, from a scale of SO to an inch; may be 
S9 perches, and breadth, 17.4i8 perchea* 






i 
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PBOB. IV. 

The content ofMn oblong fiece of ground^ and one 

side given^ to find the other. 

Biyide the content in percbes^ by the given side in 
' perchea, the quotient is the required side in perches ; 
and thence it may be easily reduced to chaiivs. 



EXAMPLE. 

Ch. L. 

There is a fence 14.S5 long, by the side of which 
it is required, to lay out an oblong piece of ground^ 
which shall contain 8A. OR. 27P. what breadth must 
be laid off at each end of the fence/ to enclose the SA* 
OR. 27P.? 

A. R. P. P. s P 

3. 0. 27,==507. and 507 divided by S9,=17.S8= 

Ch. U 

8. 37. 

The map is done as the last. 



PROB. V. 



To find the content of a 'piece ofground^ in form of 
an oblique angular parallelogram i or of a rhombus^ 
or rjiomboides. 

Multiply the base into the perpendicular height. 
The reason is plain from theo* Id^ sect. 1. 



%■ 
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EXAMPLE. 



fg.90. 




A B B JB* 



Let ABGD be a piece of ground in form ef a 
rhombus, whose base AB is S3 chains^ and perpen- 
dicular DE, or FC^ SO chains. Required the content. 



A. 

The content will be founds 11. 



The converse of i;his is done by prob. 4^ and the 
map is drawn^ by laying off the perpendicular on that 
part of the base from whence it was taken : joining the 
extremity thereof to that of the base, by a right line ; 
and thence complete the parallelogram. 



PROB. VI. 



To find the content of a triangular piece of ground. 

Multiply the base by half the perpendicular, or the 
perpendicular by half the base ; or take half the pro- 
duct of the base into the perpendicular. 

The reason hereof is plain, from cor. 2. theo, IJS. 
sect. 1. 
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EXAMPLE. 




Let ABG be a triangalar piece of ground^ whose 
loDgest side or base BC^ is S^C. 38L. and perpendi- 
cular AD^ let fall from the opposite angle^ is 13G. 
S8li. Required the content. 

Ch. L. Ch. L. 

1. Basest. 3S.=1S.38 7 . i i. • 

~ chains. 



\ perp. 3. 39 

A. R. P. 

12.38x3.39=4 31. 



^4 pole 



The map may be readily drawn^ having the dis- 
tance from either e^d of the base^ to the perpendicu- 
lar given ; as may be evident from the figure. 



PROB. VII. 

Tfce content of a triangular piece ofgroundy and the 
base giveny to find the perpendicular. 

Divide the content in perches^ by half the base in 
perches : and the quotient will give you the perpen- 
^cular in perches^ and so in chains. 



se 
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EXAMPLES. 

Let BC be a fence whose lengt}^ is 34G. 40L. by 
which it is required to lay out a triangular piece of 
ground, whose content shall be 4A. IR. lOF. Re- 
quired the perpendicular. 

^ Half the Base^Sl.S perches, 

A R P 

and 4! 1.10.=690, divided by S4.8 gives 8782 the 
perpendicular. 

This perpendicular being laid on any pari of the 
base, and lines run from its extremity to the ends of 
the base, will layout the triangle (by cor.io theo .13. 
sect. 1.) so that the perpendicular may be set on that 
part of the base which is most convenient and agree- 
able to the parties concerned. 



LEMMA. 



If from half the sum of the sides of any plane trian- 
gle ABCy each particular side be taken ; and if the 
half sum^ and the three re0ainders be multiplied 
continually into each other^ the square root of this 
product wUl be the area of the triangle. 
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^.115. 




Bisest any two of the an^les^ as A and B^ with the 
lines^ AB, BD meeting in D ; draw the perpendiculars 

* 
The triangle AFD is equiangular to AED ; for the 

angle FAD ^EAD by construction, and AFD=AED, 

being each a right angle, and of consequence ADF 

= ADE ; wherefore AJ) : DF : : AD : DE : and since 

AU bears the same proportion to DF, that it doth to 

DE, DF=DE^ and the triangle AFD = AED. The 

same way DE^DG ; and the triangle DEB:=DGB, 

and FD=DE=DG ; therefore D will be the centre of 

a circle that will pass through E, B*, G. 

In the same way if A and C were bisected, the same 
point D would be had ; therefore a line from D to C, 
will bisect C, and thus the triangles DFC, DGC, 
will be also equal. 

Produce CA to H, till AH=EB or GB ; so will 
HC be equal to half the sum of the sides, viz. to § AB, 
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+ I AC + J BC ; for FC, FA, EB, are severally 
equal to CG, AE, B6 ; and all these together are 
equal to the sum of the sides of the triangle ; there- 
fore FG + FA + B or CH^ are equal to half the sum 
of the sides. 

FC=CH— AB, for AF=AE, and HA..EB ; there^ 
fore HF=AB ; and AF=CH^BC ; for CF^CG, 
and AU=GB ; therefore BC=pUA+FC^ and AH^ 
CH— AC, 

Continue DC^ till it meets a perpendicular drawn 
upon H, in K ; and from K draw the perpendicular 

KI^ and join AK. 

Because the angles AHK and AIK are two right 
ones, the angle HAI and K together, are equal to two 
right ; since the angles of the two triangles contain four 
right : in the same way FDE+FAE= [S right angles 
=] FAE+IAH ; let FAE be taken from both, then 
FDE:=IAH, and of course FAE=:K; the quadrila- 
teral figures AFDE, and KHAI, are therefore simi- 
lar, and have the sides about the equal angles pro- 
portional ; and it is plain the triangles CFD i^nd CHK 
q.re also proportional ; hence, 

FD:HA::FA:HK 
FD : FC : : HK : HC 

Wherefore by multiplying the extremes, and means 
in both, it will be the square of FDxHKxHC^FQ 
xFAxHAxHK ; let HK be taken from both, and 
multiply each side by CH ; then the square of CHx 
by the square of FB^FCxFAxHAxCH. 
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It is plain, by the foregoing problem^ that § ABx 
DE, X J BC X DG X ? AC x FD = the area of the 
triangle ; or that half the sum of the sides^ viz. GH x 
IFD == the triangle ; wherefore the square of CH x by 
the square of FD =FC x FAxHAxCH, that is, the 
half sum multiplied continually into the differences be- 
tween the half sum and each side ; will be the square 
of the area of the triangle, and its root the area. Q, 
E. D. 

Hence the following problem will be evident. 



PROS. VIII. 



Z%e three side^ of a plane triangle given^ to find the 

areaf 



RULE. 

From half the sum of the three sides subtract each 
side severally; take the logarithms of the half sum 
and three remainders, and half their total will be the 
logarithm of the area : or take the square tdot of the 
continued product of the half sum and three remain- 
ders for the area. 
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EP AMPLE. 



fSeeFig. 115, 
jpage 203 J 

1. In the triangle JlBC, are 

(AB=10.64)- 1 , . 

Given. < AC=1S,88 > ^^. .^.^^ .i,^ ^^l ;> 



Sum 31.92 
Half sum 15.96 Log. 1.20303 

C 5.32 — 0.72691 
Remainders < 8.68 — 0.56586 ^ 

6.96 — 0.84261 



2)3.33740 

Answer, Sqr. Ch. 46.63 log. 1.66870 

or, 4.663 Acres, 






Or, 15.96x5.32>c3.68x6.96=2174 71113216 the 
square root of which, is 46.63, for the aVea as before* 

2. What quantity of land is contained in a triangle, 
the 3 sides of which are, 80, 120 and 160 perches 
respectively? Answer 29 A. 7P. 



/ 



TO FIND THE CONTENT OF GROUND* 807 



/ 



PROB. IX. 



Two Bides of a plane triangle ai^d their included an 

gle given to find the area. 



RULE. 



To the log. sine of the given angle (or of its sup- 
plement to 180^.^ if obtuse) add the logarithms of the 
containing sides ; the sum^ less radius will be the lo- 
garithm of the double area. 



EXAMPLES. 



J^. 70. 




^ Suppose twp sides^ AB^ AC^ df a triangular lot 
ABC, form an angle of 30 degrees^ and measure^ one 
64 perches^ and the other 40.((; what must the con- 
tent be ? 



SOS 
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Given angle 30^ sine 9.69897 



S)iS96. log. 3.11360 



l60)648(4iA. 8P. Answer. 



8 



S. Required the area of a triangle^ two sides of 
which 49.3 and 40.8 perches^ and their contained an- 
gle 144| degrees ? Answer, 8A. SR. 8;S!P. 

3. What quantity of ground is inclosed in an equi- 
lateral triangle, each side of which is 100 perches, ei- 
ther angle being 60 degrees ? Answer, S7A. lOP. 

Demonstration of this problem. 



Jig, 186. 




Let AH be perpendicular to AB and equal to AG 
and HE, FCG, parallel to AB then making AH (=:A 
C) radius, AF (=CD) will be the sine of CAD, and 
the parallelograms ABEH (the product of the given 
sides) and AB&F (the double area of the triangle) 
having the same base AB, are in proportion as their 
heights AH, AF ; that is, as radius to the sine of the 
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given angle ; which proportion gives the operation as 
in the rule above. (^. E. D. ^ 



PROB. X. 



To find the area of a trapezoid^ mz. a figure bounded 
by four right-lines two of which are parallel^ but 
unequal. 



RULE. 



Multiply the sum of the parallel sides by their per- 
pendicular distance; and tak<) half the product for 
the area. 



EXAMPLES. 



!• Required the area of a trapezoid of which the 
parallel sides are respectively, 30 and 49 perches^ 

and their perpendicular distance 61. 6. 

* 

double the area 15 0. 33S. 

Note. On this 10th problem are founded most of the calculations ot 
differences,by latitude and departure, and those by off-sets, following in 
this treatise. 
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JL 




c 



S. In the trapezoid ABCD the parallel sides are^ 
AD, SO perches^ BC^ 38, and their perpendicular 
distance, AB^ 26; required the content. Answer 
4A. 86P. 



PROB. XI. 



To find the content of a trapezium. 



RULE. 



Multiply the diagonal^ or line joining the remotest 
opposite angles, by the sum of the two perpendiculars 
falling from the other angles to that diagonal^ and 
half the product will be the area. 



EXAMFLE. 



A. «»• 




Let ABCD be a field in form of a trapezium^ the 
diagonal AC, 64.4 perches, the perpendicular BJ. 
13.6* and Dd. S7.S, required the content ? 



t ^ 
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Proceed by the rule^ and the area will be fouiid= 

A. R. P 

8 33| 

Note. The method of multiplying together the half 
sums of the opposite sides of a trapezium for the con- 
tent is erroneous^ and the more so the more oblique 
Hs angles' are. 

To draw the map ; set off Jib SS perches and M 
34.4y and there make the perpendiculars to their pro- 
per lengths^ and join their extremities to those of the 
diagot^al. 



PROB. XII* 

r 

To find the area of a circhf or an ellipsis. 

» 

RULE, 

■ 

Muliply the square of the circlets diameter^ of the 
product of the longest and shortest diameters of tbe 
ellipsis by .7854 for the area, Cr, subtract 0.10491 
from the double logarithm of the circle's diameter, or 
'from the sum of the logarithms of those elliptic diame- 
ters, and the remainder will be the logarithm of thje 
urea. 

Note, In any circle, the 

* 

Diam. malti. 7 l o j/lj ko S pw^ic^s the Circam. 
Circum. div. 5 "^ **-**i3»? ^ quotes the diameter. 
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EXAMPLES. 

\ 

1. How many acres are in a circle of a mile diamter ? 

Answer, 502A- SR. ^5P. . 

S. A. gentleman, knowing that the area of a circle 
is greater than that of any other figure of eqaal peri- 
meter, walls in a circular deer-park of 100 perches 
diameter, in which he makes an elliptical fish pond 
10 perches long by 5 wid^ ; required the length of his 
wall, content of his park, aiid area of his pond ? 

Answer, the wall 314.16 perches, inclosing 49A, 
14P. of which 39J perches, or \ of an acre nearly is 
appropriated to the pond. 

3. What is the area of an elliptical pond whose 
diameters are id and ^perches? a. r. p. 

Answer 1. S. 11. 



PROB. XIII. 

« 

The area of a circle given to find its diameter. 

RULE. 

To the logarithm of the area add 0.10491, and half 
the sum will be the logarithm^f the diameter. Or 
divide the area by .7854 and the square root of the 
quotient will be the diameter. 
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EXAMPLE. 

^ 

A horse in the midst of a meadow suppose^, 
Made fast to a stake. by a line from his nose, 
How long must this line be, that feed. ng all round, 
Permits him to graze just an acre of ground ? 

Answer, 7.13063 per.=117F. Ijn. 

PROB. XIV. 

To make the proper allowance for roads. 

It is customary to deduct 6 acres out of 106 for 
roads ; the land before the deduction is made may be 
termed the gross j and that remaining after such de- 
duction, the neat. 

RULE. 

The gross div. > v.^ aqq ^ quotes the neat. 
The neat mul. S c P^'od. the gross. 

EXAMPLES. 

1. How much land must I enclose to have 850 A. 
SR. SO. neat. 

A. R. P. 

Answer, 901. 2. 26. 

%. How much neat land is there in a tract of 901 A. 
aU. 26P. gross? 

A. R. P. 

Answer, 850 2. 20. 
Note. These two operations prove each other. 
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PROS. XV. 



To find the area of a piece of ground^ he it ever so 
irregular^ by dividing it into triangles and trape- 
zia. 



M- iM- 




We here admit the survey to be taken, and pro- 
tracted ; by having therefore the map, and knowing 
the scale by which it was laid down, the content may 
be thus obtained. 

Dispose the given map into triangles, by fine pcli- 
cilled lines, such as are here represented by popp'd 
lines in the scheme, and number the triangles with 1, 
S, 3, 4, &c. Your map being thus prepared, rule a 
table with four columns ; the first of which is for the 
liumber of the triangle, the second for the base of it,. 
the third for the perpendicular, and the fourth for the 
content in perches. 

Then proceed to « measure the base of number 1? 
from the scale of perches the map was laid down, and 
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place that id the secoad column of the table uuder the 
word base ; and from the angle opposite to the base^ 
open your compasses so, as when one foot is in the 
angular point, the other being moved backwards, and 
forwards may just touch the base line, and neither go 
the least above or beneath it; that distance in the 
compasses, measured from the same scale, is the 
length of that perpendicular, which placed in the 
third column, under the word perpendicular. 

If the perpendiculars of two triangles fall on one and 
the same base, i<;,is unnecessary to put down the base 
twice, but insert the second perpendicular opposUe to 
the number of the triangles in the table, and join it 
with the other perpendicular by a brace, as No. 1 & 
S, * & 5, 6 & 7, 9 & 10, &c. 

Proceed after this manner, tilj you have measured 
all the triangles ; and then by prob. 6. find the con- 
tent in perches of each respective triangle which se- 
verally place in the table opposite to the number of the 
triangle, in the fourth column, under the word content. 

4 

But where two perpendiculars are joined together 
in the table, by a brace, having both . one and the 
same base ; find the content of each (being a trapezi- 
um) in perches, by prob. 11. which place opposite the 
middle of those perpendictllars, in the fourth column, . 

Qijyder the word content. 

* 

Having thus obtained the content of each respective 
triangle and trapezium, which the map contains, add 
them all together, and their sum will be the content of 
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the map in perches ; which being divided by 140, 
gives the content in acres. Thus, for 



EXAMPLE. 



No. 



1 

3 

41 
5 
6 

7 

s 

9 
10 
11 
IS 
13 
14 
15 



Batie 



34.8 

2S.2 
39.8 

49.4 

38.7 
40.0 

4S.8 

38.2 
»4.0 



Pepp-. nd. 



Content. 



413.92 
335.60 
712.43 

1086.80 
139.64 
600.00 

481.50 
234.49 
359.30 



I 



Content in perches 4142.57 



This being divided by 160, will give S5A. 3K. 
22P. the content of the map. 

Let your map be laid down by the largest scale 
your paper will admit, for then the bases and perpen- 
diculars can be measured with greater accuracy than 
when laid down by a smaller scale ; and if possible 
measure from scales divided aiagonally. 

If the bases and perpendiculars were 'measured by 
four-pole chains, the content of every triangle andtra- 
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i I 

t^ziaia^ maybe had as before^ in problems 6 and 11. 
and conseque^tly the whble content of the map. 

If any part of your map has short or crooked bounds^ 
as those represented in fig. 102. then by the straight 
edge of a transparent horn, dr^w a fine pencilled 
line as AB, to balance the parts taken in and left 
out, asr also another, BC ; these parts when small, 
may be balanced very nearly by the eye, or they may 
be more ^accurately balanced by method the third. 
Join the points A and by a line, so will the con- 
tent of the triangle ABC, be equal to that contained 
between the line AC, and the crooked boundary from 
A to B, and to C : by this method the number of tri- 
angles will be greatly lessened, and the content be- 
come more certain ; for the fewer operations you have, 
the less subject will you be to err : and if an errour 
be committed, the sooner it may be discovered. 

The lines of the map should be drawn smafl, and 
neat, as well as the bases 5 the compasses neatly 
pointed, and scale accurately divided ; without all 
which you mgty err greatly. The multiplications 
should be run over twice atleAst, as also the addition 
of the column content. 

« 

From what has been said, itwill be easy to survey 
a field, by reducing it into triangles, and measuring 
the bases and perpendiculars by the chain. To as- 
certain the content only, it is not material to know at 
what part of the base the perpendicular was taken : 
«iuce it has been shewn (in cor. to theo. 13. sect. 1.) 
that triangles on the same base, and between the 
^ame parallels are equal .: blit if you would draw a 

28 
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Let A B C D E F Gf H be a map of ground, which 
you would reduce to one triangle equal thereto. 

'I 

Produce any line of the map as AH, both ways ; 
lay the edge of a parallel ruler from A to C, having B 
above it ; hold the other side of the ruler, or that next 
you, fast ; open till the same edge touches B, and by 
it, with a protracting pin, mark the point b on the pro- 
duced line ; lay the edge of the ruler from 6 to D, 
having C above it ; hold the other side fast, open till 
the same edge touches C, and bjr it mark the jpoint o 
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map from the bases and perpendiculars, it is evident 
that you must know a-t whaf part of the base the per- 
pendicular was taken, in order to set it off in its due ^ 
position ; and hence the map is easily constructed. 



FBOP. XVI. 

To determine the area of a piece of ground^ having 
the map given, by reducing it to one triangle equal 
thereto, and thence finding its content. » 
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on the produced line. A line draw from c to D will 
take in as much as it leaves out of the map. 

Again^ lay the edge of the ruler from H to F, hav- 
ing G above it, keep the other side fast, open till the 
same edge touches G, and bv it mark the point gy on 
the produced line ; lay the edge of the ruler from g to 
E, having F above it, keep the other side fast, open 
till the same edge touches F, and by it mark the point 
f^ on the produced line. Lay the edge of the ruler 
from / to D, , having E above it, keep the other 
side fast, open till the satne edge touches E, and by 
it mark the point e^ on the produced line. A line 
drawn from D to e, will take in as much as it leaves 
out. Thus have you the triangle c D c, equal to the 
irregular polygon ABCDEFGH. 

If when the ruler's edge be applied to the points A 
and G, the point B falls under the ruler, hold that side 
next the said points fast, and draw back the other to 
any convenient distance ; then hold this last side fast, 
and draw back the former edge to B, and by it mark 
hy on the produced line : and thus a parallel may be 
drawn to any point under the ruler, as well as if it 
were above it. It is best to keep the point of your 
protracting pin in the last point in the extended line, 
till you lay the edge of the ruler from it to the next 
station, or you may mistake one point for another. 

This may also be performed with a scale, or ruler^ 
which ,has a thin sloped edge, called a fiducial, or 
sure edge ; and a fine pointed pair of compasses. 
Thus, 
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Lay that edge on the points A and G^ take the db- 
tance from the point B to the edge of the scale, so that 

. it may only touch it, in the same manner as yon take 
the , perpendicular of a triangle ; carry that distance 
down by the edge of the scale parallel to it, to ft ; and 
there describe an arc on the. point ft, and if it jast 

^ touches the niler's edge, the point & is in the true place 
of the extended line. Lay then the fiducial edge ot 
the 'scale from h to D, and take a distance from G, that 
will just touch the edge of the scale ; carry that dis- 
tance along the eVlge, till the point which was in G, 
cnts the produced line in <; ; keep that foot in c, and 
describe an arc, and if it just touches the ruler's edge^ 
the point c is in the true place of the extended line. 
Draw a line from c to D, and it will take in and leave 
out equally ; in like manner the other side of the figure 
may be balanced by the line e D. 

Let the point of ydnr compasses be kept to the last 
point of the extended line, till you lay your scale from 
it to the next station, to prevent mistakes from the 
number of points. 

« 

That the triangle c D c, is equal to the right-lined 
figure A B C D E F G H, will be evident from prob- 
lems 18. 19. sect. 1. for thereby if a line were drawn 
from 6 to C, it will give and take equally; and then the 
figure h CDEFGH, will be equal to the^map. Thai 
the figure is lessened by one side, and by the next ba- 
lance line vvill lessen it by two, and, so on, and will 
give and take equally. In the same manner an equa- 
lity will arise, on the other side. 
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The area of the triangle is easily obtained^ as be- 
fore^ and thus you have the area oT the map. 

It is best to extend one of the shortest lines of the 
polygon, because if a very long line be produced, the 
triangle will have one angle very obtuse, and conse- 
quently the other two very acute : in which case it will 
not be easy to determine exactly the length of the 
loiigest side, or the points where the balancing lines 
cut the extended one. 

This method will be found very useful and ready 
in small enclosures, as^ well as very exact ; it may be 
also used in large ones, but great care must be taken 
of the points on the extended line, which will be 
crowded, as well as of not missing a station. 



PROB. XVII. 



' A mapp unth its area^ being given ; to find the scale, 

to which it wan laid down. 

Il^ast up the map by any scale whatsoever, and it 
will be, 

\ As the area found : 

Is to the {square of the scale by which you cast up, 
: : The given area of the map : 
To the square rf the scale by which it was laid 

i down. 

i 

\ The square root of which will give the scale. 
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EXAMPLE. 

A map whose area' is 126 A. 3Ji. 16P. being given ; 
to find the scale ? 

Suppose this map wast cast up by a scale of SO 
perches to an inch^ and the content thereby produced 
be .31 A. SR. 3^jP. 

■ 

As the area found, 81 A. SR. 81<P.=5074<P. 

Is to the square of the scale by which it was cast up^ 

that is^ to 20x20-400^ 
: : The given area of the map 126A. 3R. 16P. 

=20296P. 
To the square of the scale by which it was laid/ down. 

5074 : 400 : : 20296 : 1600 the square of the re- 
quired scale. Hence 40 perches to an inch is the 
scale required. 



PROB. XVIII. 

How to find the true content of a survey ^ though it U 
taken by a chain that is too long or too shoii. 

Let the map be constructed^ and its area found as 
if the chain were of the true length. And it will be 

As the square of the true chain 

Is the content of the map^ 

: : The square of the chaip you surveyed by 

To the true content of the map. 



i» 
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i 



EXAMPLE. 



If a survey be taken with a chain which is 3 inches 
too long ; or With one whose length is 4& feet 8 inches^ 
and the map thereof be found to contain 9iS0A. SR. 
•SOP. Required the true content. 



X 



As the square of 4SF. Olil.=:the square of 504 inches 

=254016 

« 

Is to the content of the map 9^0 A. IR. SOP.s: 
147S60P. 

: The square of 4SF. 8ln.=:the square of 507 

inches=250749 a. r. p. 

To "the true content^=931. 1, 19. 
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SECT. V. 



TTiird Mothod for determining the •Ireas of rigkt- 
lined Figures universally, or by Calctdatiou. 

CALCULATION. 



DEFINITIONS. 



Jig, 111. 



N 




1. IflEHiDiANs are north and south lines^ which are 
supposed to pass through every station of the survey. 

2. The Bearing of a line^ is the angle it makes 
with the meridian passing through either end of it.^ 

3. The difference of latitude, or the northing or 
southing of any stai;ionary line^ is the distance that 
one end of the line is north or south from the other 

* end ; or it is the distance which is intercepted on the 
meridian/ between the beginning of the stationary 
line and a perpendicular drawn from the other end 
to that meridian. Thus^ if N. S. be a meridian line 
passing through the point A of the line AB, then is 
A6 the difference of latitude^ or southing of that line. 
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• 4. The departure of any stationary line, is the 
nearest distance from one end of the line to a meridi- 
ian passing through the other end. Thus B6 is the 
departure or easting of the line AB : but if GB be a 
meridian, and the measure of the stationary distance 
be taken from B to A ; then is BC the difference of 
latitude, or northing, and AC the departure or west- 
ing of the line B A. 

Cor. Hence it appears that the stationary distance, 
difference of latitude, and departure, constitute the 
three sides of a right angled plane triangle : the dis- 
tance being the hypothenuse, the difference of lati- 
tude and departures, the two legs, and the angle op- 
posite the departure, the bearing or course ; conse- 
quently, any two of these four p^rts being given, the 
other two can be found. 

^ 

5. The meridian which passes through the first sta* 

tion, is sometimes called the first meridian f and some- 
times it is a meridian passing on the east or west side 
of the map, at the distance of the breadth thereof^ 
from east to west, set off from the first station. 

6. The meridian distance of any station is the dis- 
tance thereof from the first meridian, whether it be 
supposed to pass through the first station, or on the 
east or west side of the map. 



THEO. I, 



In every survey which is truly taken, the sum of the 
northings will he equal to that of the southings ; and 
the sum of the eastings equal to that of the westings, 

29 
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Let a, 8^ c^ e^ fj g^ h^ represent a plot, or parcel 
of Itfnd. Let a be the first station, b the second, c the 
third, &c. Let NS be a meridian line, then will Ml 
lines parallel thereto, which pass through the several 
stations, be meridians also ; as ao, fr^, cd^ &c. and the 
liaes bOf cs, de^ kc. perpendicular to those, will b^ 
east or west lines, or departures. 

The northings ei+go-+Jiq-ao^8+cd4jT the sou|h- 'i 
logs : for let the figure be completed ; then it is plain, 
that go+hq+rk=zao -^s+cd, and ei — rk=fr. If to the 
former part of this first equation ei — rk be added and 
fr to the latter, then go+hq+el^ao-^bs+cd-ufr ; that is 
the sum of the northings i^ equal to that of the south- 
ings. 

The eastings cs^qa—ob+de-^df+rg+ah^ the west- 
ings. For aq -^yo (^azj^zide+if-^rg+ohf and boi:zC8 — i/o. 
If to the former part of this first equation, cs — yo be 
added, and bo to the latter, then cs^aq -ob-^e+if^-rg 
+ok ; that is, the sum of the eastings is equal to that 
of the westipgs. Q. £. D. * 
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SCHOLIUM. 

This theorem is of use to prove whether the field- 
work be truly taken, or not ; for if the suifl of the jiorth- 
ings be equal to that of the southings, and the sum of 
the eastings to that of the westings^ the field-work is 
rights otherwise it is not. 

Since the proof and certainty of a survey depend on 
this truths it will be necessary to shew how the diflfer- 
cnce of latitude and departure for any stationary line, 
whose course and distance are given, may be obtaiaed 
by the tables hereunto annexed. 

f 

To Jind the Wfference of Latitude and Depar- 
tute, by the Help of the annealed Table. 

This table is so contrived, that by finding ftereia 
the given course, and a distance not exceeding 100 
diiles, chains, perches, or feet, the diflference of lati- 
tude and departure is had by inspection ; the course 
is to be found at the top of the table when under 45 
degrees ; but at the bottom of the table when above 
45 degrees. Each column signed with a course con- 
sists of two parts, one for the difference of latitude^ 
marked Lat. the other for departure, marked Dep« 
which names are both at the top and bottom of these 
columns. The distance is to be found in the column 
Kiarked Dist. next the margiil of the page. 
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EXAMPLE^ 

In the use of those tables^ u few observations only 
are necessary. 

• 

1 . If a station consist of any number of even chainif 
or perches (which are almost the only measures used in 
surveying) the latitude and departhre are found at sight 
under the bearing or course, if less than 49 degrees ; 
or over it if more, and in a line with the distance* 

S. If a station consist of any number of chains and 
perches, and decimals of a chain or perch, under the 
distance 10, the lat. and dep. will be found as above^ 
either over or under the bearing ; the decimal point or 
separatrix being removed one figure to the left, #liick 
leaves a figure to the right to spare. 

8. If the distance be any number of chains or perch- 
es, and the decimals of a chain or perch, the lat. and 
dep. must be taken out at two or more operations, by 
taking out the lat. and dep. for tlie chains, or perches 
in the first place, and then for the decimal parts. 

To save itlie repeated trouble of additions, a ju- 
dicious surveyor will always limit his stations to 
whole chains, or perches and lengths, which can com- 
monly be done at every station, save the last. 

1. In order to illustrate the foregoing observations,' 
let us suppose a course or bearing, to be S. 25^ 15' £• 
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and the distance 79 four»pole chains. Under 35^. 15' 
or 35 J degrees, and opposite 79, we find 64. 5S for the 
latitude, and 45. 59 the departure, which signify that 
the end of that station differs in latitude from the be- 
ginning 64. 52 chains, and in departure 44. 59 chains* 

J)rotey Wc are to understand the same things if thd 
distance is given in perches or any othfer measures, 
the method of proceeding being exactly the same in 
every case. 

Again let the bearing be 54| degrees, and distance 
as before ; then over said degrees we find the same 
numbers, only with this difference, that the lat. before 
found, will ndw be the dep. and the dep. the lat. be- 
cause 54^ is the complement of 35^ degrees to 90, 

viz. lat. '45. 59. dep. 64. 52. 

* 

S. Suppose the same course, but the distance 7 
chains 90 links, or as many pe^rches. Here we find, 
the same numbers, but the decimal point must be re- 
moved one figure to the left. 

Thus, under 35 1, and in a line with 79 »r 7«9^ ar« 

Lat. 6. 45 
Dep. 4. 56 

the S in the dep. being increased by 1, because the 9 
is rejected ; but over 54| we get 

Lat. 4. 56' 
Dep. 6. 4i 
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3. Let the coarse be as before^ but the distanoe 7< 
Vdf then opposite 



7.70 
9 

7.79 



Lat. 6. 89 Dep. 4. 43 

7 6 



6.36 



4. 49 



Or opposite 

7.00 
.79 



Lat. 5. 7S 
. 6h 



Dep. 4. 03 
.46 



7.79 



•.36 



4.49 
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THEO. II. 



When the first Meridian passes through the Maf, 

If ike east meridian distances in the middle of each 
line he multiplied into the particular southing j and 

. the west meridian distances into the particular 
northings the sum of these products will he the 
area of the map. 

Jlg» 121* 




Let the figures abkm be a map^ the lines ab, hk, to 
the southward^ and km, ma, to the northward^ NS the 
first meridian line passing through the first station a. 



I- 



The meridian ^zdxao 
Distances east ^ tuxoxfhyj 

The meridian 7 f/x^a? 
Biatances west 5 hhxga fmyj 



Area I «"* 
^aw 



I =A"*ii 
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These four areas am+aw-^p-^gl will be the area of 
the whole figure cmswiprlc, which is equal to the area 
of the xntip abkm. Complete the figure. 

The parallelograms am and ow^ are made of the east 
meridian distances dz and tu^ multiplied into the south- 
ings ao and ox. Tiie parallelograms xp and gl are 
composed of the west meridian distances ef and Ih 
multiplied into the northings xgeinAga fmyj bat these 
four parallelograms are equal to the area oif the map ; 
for if from them he taken the four triangles marked Z; 
and in the place of those be subsisted the four triangles 
marked O^ which are equal to the former ; then it is 
plain the area of the map will be equal to the four pa- 
rallelograms. Q. £. D. 
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If the meridian distance when east, he multiplied into 
the southings, and the meridian distance when west 
be niultiplied into the northings^ the sum of these 
less by the meridian distance when west^ midtipli- 
ed into, the southings^ is the area of the survey. 
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Xiet ab che the map* 

The figure being completed^ the rectangle a/> ig 
made of the meridiah distance eq when east^ multipli- 
' ed into the southing an ; the rectangle yk is ijaade of 
liie laeridian distance xw, multiplied into the northing 
ex or tfa. These two rectangles^ or parallelogramS| 
^f+y^9 sutke the area of the figure dfnyikd^, from 
which taking the rectangle oy^ made of the meridian 
distance tu when west^ in.tp the southing oh or 6m, th« 
ifemainder is the area of the figure dfMJcdf which is 
equal to the area of the map. 

Let 6(?tt=Y, urih=JJf Wc=0^ wtCzzZ, aJhc=K, ai|d 
efft=B, arfe=A. I say, that Y+Z+B=:K+L+A. 

Y^Jj+Oy add Z to both,. then Y+Z=L+0+Z; 
but Z+OsK, put K instead of Z+0, then Y+Z.^L 
•fK, add to both sides the equal triangles B and A, 
then Y.+Z+B=L+K+A. If therefore B+Y+Z be 
tidcen from abc^ and in lieu thereof we put L+E+A; 
we shall have the figure dfohikd^dbcy but that figure 
^ is made up of the meridian distance when east, multi- 
plied into the southing, and the meridian distance^ 
when west, multiplied into the northing less by the 
meridian distance, when west, multiplied into tli^ 
southing. Q. E. I). 

COBOLLARY. 

Since the meridian distance (when west) multiplie4» 
into the southing, is to be subtracted, by the sande 
reasoning the meridian distance when east, multipli- 
ed into the northing, must be also subtracted. 

30 
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From the two preceding theorems we learn how ta 
iind the area of a map^ when the IBirst meridian passes 
through it; that is, whep one part of the map lies ob 
ihe east and the other on the west side of that meri* 
Thus, 



• ItULE. 

The merid. C east 7 multiplied C southings 7 
Dist when ^ west 3 into the ^ northings 3 

their sum is the area of the map. 

But, 

The merid. ^ east 7 multiplied C northings 
Sist, when ^ west 3 into the ^ southings 

the sum of these products taken from the former, gives 

the area of the map. 

These theorems are true, when the surveyor keeps 
the land he sur\^ey^, on his right hand, which we 
suppose thro' the whole to be done ; but if he goes the 
contrary way, call, the southings northings, and the 
northings southings, and the same rule will hold good. 

General Rule for finding Meridian Distances. 

%. The meridian di^stance and departure, both east, 
or both west, their sum is the meridian distance of the 
same name. 

8. The meridian distaQce and departure of different 
names ; that is, one east and the other west, their diffe- 
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tence is the meridian distance of the same name with 
the greater. 

Thus in the first method of finding the area^ as in 
the following field-book« 

The first departure is put opposite to the northing or 
southing of the first station^ and is the first meridiai0 
dibtance of the same name* Thus if the first depar- 
ture be east^ the first meridian distance will be the 
same as the departure^ and east also ; and if West^ it 
will be the same way. 

The first meridian distance 6.61 £. 

The next departure ' 6.61 E. 

The second meridian distance 18.83 E. 
The next departure 1.80 E. 

The third meridian distance * 15.02 E. 



A.t station 5, the meridian distance 5.78 B. 

The next departure 7-76 W. 

The next meridian distance 1.98 W. 

At station 11, the meridian distance O.IS W. 

The next departure 5*8* E. 

The next meridian distance 6,72 E. 
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In tbe 0th and 11th statiom, the metidiaiL distanceii 
beiDg less than the departores^ and of a contrary name^- 
the map will cross the first meridian^ and will pass as 
in the 9th line^ from the east to the West side of the 
meridian ; and in the 1 1th line it will again cross from 
the east to the west side^ which will evidently appear^ 
if the field-work be protracted^ and the meridian lint 
passing through the first station^ I^e drawn through the 
map. 

T^e field-book cast np by the first method will be 
evident from the two foregoing theorems, and there** 
fore requireja no farther explanation ; but to find the 
ar$a by the seconi method^ take this 
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m 

^IV^hBii the meridian distances are east^ put the pro- 
dacts -of north and sonth areas in their proper co- 
lumns ; but when west^ in their contrary columns ; 
that is in the column of south area^ when the differ- 
ence of latitude is north ; and in north when south t 
the reason of which is plain, from the two last theo- 
rems. The difference of these two columns will he 
the area of the map. 

Universally; 
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ijhe difference of these two colanms will be the cob- 
teat of the surve j. 



SPECIMEN 

OF THE 

Pennsylvania Method of Calculation. 

WTiichf for its Simplicity and • Ease^ in finding the 
JHeridian distances, is supposed to be preferable in 
Practieeto any thing heretofore published on the^ 
Subject. 

X iND in the "first place^ by the following tables^ the 
lat. and dep» for the several courses and distances, as 
already taught ; and if the survey be truly taken, th& 
sums of the northings and southings will be equal, and 
also those of the eastings and westings. Then in the 
next place, find the meridian distances, by choosing 
such a place in the column of eastings or westings, as 
will admit of a continual addition of the one, and sub- 
traction of the other ; by which means we avoid the 
inconvenience of changing the denomination of either 
of the departures. 

The learner must not expect that in real practice the 
:. columns of lat. and those of dep. will exactly balance 
{ when they are at first added up, for little inaccuracies 
will arise, both from observations taken in the field, 
. and in chaining ; which to adjust, previous to finding 
j the nieridian distances, we may observe. That if in 
i small surveys, the difl:erence amount to two-tenths of a 
I perch for every station, there must have been some er- 
j rour coinmitted in the field ; and the best way in this 
I case will be to rectify it on the ground by a re-survey, 
! or at least as much as will discover the errour. But 
when the differences are within these limits, the work 
may be balanced in ttie following manner ; on a slate 
or separate piece of paper, find the lat. and dep. to 
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•ach course and distance^ as in the following example^ 
observing to add an half of the differences to the nom- 
bers in the lesser column^ find to subtract it from those 
of the greater^ in such manner^ as that the numbers 
may be altered nearly in proportion to fiieir corres- 
ponding distances. 
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Xhe latituded and departures being thus balanced, 
proceed to insert tbe meridian distances by the above 
* metkody where we still make use of the same field - 
notes^ only changing chains and links into perches and 
tenths of a perch. Then by looking along the column 
of departure it is easy to observe, that in the columns 
of easting, . opposite station 9^ all the eastings may be 
added^ and the westings subteacted without altering 
the denomination of either. Therefore^ by placing 46.0 
the east departure belonging to this station in the co- 
lumn of meridian distances, and proceeding to add tha 
eastings and subtract the westings^ according to the 
rule already mentioned, we shall find that at station 8, 
these distances will end in 0, 0, or a cypher, if the ad- 
ditions and subtractions be rightly made. Then mul- 
tiplying the upper meridian distance of each station by 
its respective northing or southing, the product will 
give the north or south area, as in the examples alrea- 
dy insisted on^ aufl which is fully exemplified in the 
annexed specimen. When these products are all 
made out, and placed in their respective columns, their 
difference will give double the area of the plot, or 
twice the number of acres contained in the survey. 
Divide this remainder by S, and the quotient thence 
arising by 160 (the number of perches in an acre) 
then will tiiis last quotient exhibit the frumber of acres 
and perches contained in the wholejiurvey ; which in 
this example, may be called liO a<jres, 103 perches, 
or 110 acres, S quarters^ S3 perches. 
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SECT. VI. 



Containing the nature of Cff-setk and Intersections ; 
the Methods of enlarging^ or iiminishingf and con- 
necting MafB f the Variation of the CompoM^ and 
its Uses in Surveying ; the whole concluding with 
some necessarjf Directions co^itcetning Surveys in 
general. 
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Xn taking Burve^ii it is tnni^c^ssHry aiid nnnsaal to 
make a station lit eveiy angular pdint^ because the 
field-work can be taken with much greater expedi- 
tion, by using 0ff-se(s iLnd intei^sectidns^ and with 
•qual certainty; especially wfaerci creeks, &c. bound 
the survey. 

Off-sets are perpendicillai^ lines drawfl or measured 
from the angular points of the llm^, that lie on the 
rieht or left hand to the stationanr distance, thus. 



0F owr-nr%^ 
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JiCt the black lines represent the boundaries of a 
farm or township : and let 1 be the first station^ theii if 
you have a good view to 2^ omit the angular points 
between 1 and 2, and take the bearing and length of 
the stationary line 1/2, and insert them in your field- 
book : but in chaining from 1 to S, stop at d opposite 
to the angular point a, and in your field-book insert 
the distance from 1 to d, which admit to be 4C. 25L. 
as well as the measure of the oflf-set ad^ which admit 
to be IC. ISL. thus : by the side of your field-book 
in a line with the first station, say at 4C, 25L. X*. 
4C. lai. that is, at 4C. 2Sh. there is an of-set tfi 
thekfthaudof IC. ISL* 



•M aF 0PF-SET6. 

Thin done proceed on your distance line to e^ npfpO' 
site to the angle by and measure eby supposing flian 1 
e to be 7C. 4jOL. and eb 8G. 40L. say (still in a line 
with the first station in your field-book) <^ at 7C. 40L. 
L. 8G. 40L/' that is^ at 7C. 40L. there is an df-set 
to the left of 8G. 40L. proceed then with your dis- 
tance line toff opposite to the angle c, and measure^ ; 
suppose then i /to be 13G. and/c iG. Mh. say in 
the same line as before, at 13G. L. iG. 80L. Then 
proceed from /to 8, and you will have the measure 
of the entire stationary line iy Z^ wliifeh insert in its 
proper column by the bearing. 

In taking off- sets, it is necessary to have a perch- 
chain, or a staff of half a perch, divided into links for 
measuring them ; for by these means the chain in the 
stationary line is undisturbed, and the number of 
chains and links in that line from whence, or to which^ 
tli^ off- sets are taken, may be readily known. 

Having arrived at the second station, if you find 
your view will carry you to 3, take the bearing from 
2 to 3, and in measuring the distance line, stop at I 
opposite g ; admit Si to be 4iC. lOL. and the off-set Ig 
IG. SOL. then in a line with the second station in your 
field-book, say at 4G. lOL. R. iG. SOL. that is the 
off-set is a right-hand one of IG. SOL« Again at m, 
which suppose to be lOG. S3L. from S ; take the off- 
set mh of IG. 15L. and in a line with the second 
station, say at lOG. SdL. R. IG, IdL. In the same 
line when you come to the boundary at z, insert the 
distance 8i, 13G. lOL. thus, at 13G. lOL. 0; that 
is^ at 13G. 10L« there is no off- set. At n, which is 
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i5G. from S^ take the off-set nk 45L. and still oppo- 
site to the second station say at ISC. L. 49L. 

I^et the line 3^ 6^ represent the boundary^ which by 
meaus of water^ briers^ or any other impediment can« 
not be measured, In this case make one or more sta- 
tions within or without the land^ where the distances 
may be measured and draw a line from the beginning 
of the first to the end of the last distance^ thus ; make 
stations at 8^ % and 5^ taking the bearings^ and mea- 
suring the distances as usual^ which insert in your field- 
book^ and draw a mark like one side of a parentheses^ 
from the third to the fifth station^ to show that a line 
drawn from the third station to the furthest end of the 
fifth stationary line will express the boundary^ ThuS; 



Ko. Sta. 


Deg. 


Ch. h 


/^ 


47Si 


6.4,5 


(4 


soo 


13.35 


\5 


S90 


3.36 



Suppose the point |7 of the boundary to be inacces- 
sible^ by means of the lines 6p or p7f being o verflow- 
ed^ or that of a quary^ fu^ze^ &c. might prevent your 
taking their lengths : in this case take the, bearing of 
the line 6^ 7^ which insert opposite to the sixth station 
in your field-book with the other bearings ; then direct 
the index to the point p^ and insert its bearing on the 
left side of the field-book^ oppQsite to the sixth station, 
annexing thereto the words^ Int. for boundary ; and 
having measured and inserted the distance 6^ 7> set 
the index in the direction of the line 7Pf &iid insert its 
bearing on thQ left of the seventh station ef the field'- 
<book^ annexing thereto the words Intfor boundary f 
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the crassug or inter 
determiae the point 
jfi is also determiDC 

If your view will 
take its bearing, stat 
and yon have the fie 
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Smlnt. toatowei 



»31i]nt. to ditto 



IdS^Int. for boon. 
874 lut for ditto 



If you would lay i 
remarkable object ii 
stations, take bearinj 
tioD will determine t 
in the manner that 
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from the intorsections taken at the first and second 
stations of the above field-book. 

A protraction of this will render all plain^ on which 
lay offyoar off-sets and intersections^ and proceed to 
find the content by any of the methods in section the 
4fth. . 

s 

T^e foregoing fieli'book may be othenetBe kept^ thiiSy 



Remariu and lotsrsections. 

818 Int to a tower 



— — 



No. 
St 



S31§ Int. for ditto 



Deg. 



3d8 



82971 



^ 



I 



L. ban. 
off-set. 
Oh. L 



Di«t. 
Ch. I,. 



3.40 
1.85 



4.85 

7.40 

13.0Q 

183.18 



iV 



( 



1S5| Int. for boundary 
874 Int. for boundary 



81781 
4800 
5|850 
6185 



R. ban. 
Qff-iet 
Ch. L. 



0.40 



4.10 
10.85 
13.10 
15.00 
81.18 



105i 



8.80 
8.38 



6.45 
13.85 

3.36 
15.15 



1.80 
1.15 



•tAMp» 



1.80 
7.45 
11.85 
18.85 
15.101 



0.36 



riMiMa 



61^ At the first sutMb. 
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OF OFF-8£TS. 



Sow to cast up off-$ets hj the pen. 

1, 8— 1/;=2/, 1/,— le=/fe, ie^id:=:ei. 

Then idx idazzida, by prob. 6. page 183^ a,iid | ed 
xda+eb=zadeb by the doctrine of trapezia ; also ifex 
eb+fcszbefc, and 2fxifc^cf2 ; the sum of all which 
will be 1 abCf 21 ; the area contained between the sta- 
tionary line if S> and the boundary^ i ahc2. 

In Ae same manner you may find the area atfUhgft 
otikSi as well 'as what is without and with-inside of 

the stationary line 7 9 !• 

« 

If therefore the left hand off-sets exceed the right 
hand ones^ it is plain^ the excess must be added to the 
area within the stationary lines^ but if the right hand 
off-sets exceed the left hand ones^ the difference must 
be deducted from the said area ; if the ground be kept 
on the right hand as we have all along supposed ; or 
in words^ thus ; 



To find the contents ofoff-aets. 



!• From the distance line^ take the distance to the 
preceding off-set^ and from that the distance of the one,., 
preceding it, &c. in four pole chains ; so will you have 
the respective distances from off-set to Off-set, but in 
a retrograde order. 

S. Multiply the last of these remainders by \ the 
first off-set, the next by | the sum of the first and 
second^ the next by half the sum of the second and 
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thirds the next by half the sum of the third and fourth 
&c. The sum of these will be the area produced by 
the off-sets. 

Thus, in the foregoing fleld-book, the first stationa- 
ry Hue is 280. ISL. or llO. 13L. of four-pole chains. 
See thefigare. 

Ch. L. Ch. I.. Ch. L. , 

From 11.12=1,3 6.50=1/ 3.90=1« 

Take 6.50;=^ 8.90=le 2.Sd=l<2 

■■■■■■■■■ii"^— ■■•■'■■■■■*"'• ^^■■MMMB^M 

4,6a=S/ 2.60=e/ iM^^d 

. -. • 4» 



Ch. L,. 

l({=S.Sdx3SL. half the first oflr-set,= .73OO 

*e(2=1.65xlC. 26L. | the sum of the 1st &Sd 2.0790 
ef=:S.60xlC. 3»L. | the sum of 2d and 3d= 3.4320 
Sf=i4.62x87L. half the last off-set,=: * I.7094 

Content«Df left Mf-sets on ijit first dist. •',._ 

in square'four-pole chains f^ 9404 

\ . ^ ~ — 

^ ^. In like manner the rest' are performed. 

The sum of the left hand ofT-sefs will be 144.0806 
'%,|^nd the sum of the right hand oaes 3, 6825 

Excess of left jiand off-sets in squ. 4 pole C 10.4031 

' ** Acres 1.04031 

' 4,. .». . 

K . -16124 

,, ^* ^. t« ' 

Perches 6.4496 
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TO ENLABGB OR DIMINISH MAPS. 

Wow to enlarge or diminish a Map^ or how to reduce 
a Map from one Scale to another ; also the Manner 
of uniting separate Maps of Lands which join each 
other ; into one Map of any assigned size. 

Xaxy the map you would enlarge^ over the paper on. 
which you would enlarge it, and with a fine protract* 
ins; pin, prick thro' every angular point of your map, 
join these points on your paper (laying the map you 
copy before you) by pencilled or popped lines, and 
you have the copy of the map you are to enlarge : in 
tills manner any protraction may be copied on paper, 
vellum, or parchment^ for a fair map. 

If you would enlarge a map to a scale which is dou- 
ble, or treble, or quadruple to that of the map to be 
enlarged, the pi^er you must provide for its enlarge^- 
uent must be two, or three^ or four times as long and 
broad as the map ; for which purpose in' large things 
you will flpd it necessary to join several sheets of pa- 
per, and to cement them with white wafer or paste^ 
but the former is best 

Then pitch upon a.ny point in your copied map for a 
centre ; from whence if distances be taken to its ex- 
treme points^ and thence if those distances be set in 
a right line with (but from) the centre, and these last 
points fall within your paper^ the map may be increas- 
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ed on it to a scale as large again as its own ; a&d if 
the like distances be again set outwards in right lines 
from the centre, and if these last points fall within 
your paper, it will contain a map increased to a scale 
tliree times as large as its own, &c. 

Let the pricked or popped lines represent the copy 
of a down or old survey, laid down by a scale of 80 
perches to an inch, and let it be required to enlarge it 
to one laid down by 40 to an inch. 

Pitch upon your centre as o , from whence thro' a 
lay the fiducial edge of a thin ruler with a fine poiut- 
ed pair of compasses, take the distance from a to the 
centre q, and lay it by the ruler's edge from a to A : 
in the like manner take the distance from the next 

station h to the centre O9 ^^^ ^^J ^^ ^^^^ '^^ & ^S^^ 
line from b to B, and join the pcnntd A and B by the 
right line AB : in the like manner set over the dis- 
tance from every staticm to the centre, from that sta- 
tion outwards, and you will have every point to en- 
large to ;' the joining of these constantly as you go on 
by right lines, will give you the enlarged map^requred. 

In taking the distances from every station to the 
centre, set one foot of the compasses in the station, 
and the other very lightly over the centre-point so 
lightly as scarcely to touch it, otherwise the centre- 
point will become so wide, that it may occasion seve- 
ral errours in the enlarged map : for if you err from 
the exact centre but a little, that errour will become 
double, or treble, or quadruple, as you enlarge to a 
scale that is double, or treble, or quadruple, of the 
given one ; therefore great accuracy is required in en- 
larging a map. 
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\¥'bea jjrou have done with a station^ give a dash 
ivith a pen or pencil to it^ such as at the station <i and 
h ; by this means you will be prevented from missing 
a station^ or laying your ruler over one station twice. 

from what has heep said it is plain^ that if a p^ap 
is to beenlarged to one whose scale is double the giv- 
&u onef that the .digitiuices from their respective, stations 
to the centr^^ being set over by tfie ruler'^ e^dge^ wi^ 
^ve the pcants for the enlarged one. And thyis oiay ft. 
map be enl^rged^ from a «ca^e of i60 io que of SO; 
fjram one of 80 to one of 40^ from one ^of SO tQ one of 
10 perches to ap inch^ &c, For to ^large to i^ acale 
thfiit is double^ ^^^e number of perches to fin inch fop 
the enlarged jo^ap^ must Jtie half of those to an i^ch fm* 
that to be enlarged : to enlarge to a scale that is tre- 
ble the given one^ the number of perches to an inch 
for the enlarged map^ will be 4>ne-thir4 of those for 
the other ; if to a scale that is quadruple th^ givetl 4me^ 
the number of perches to an inch for the enlarged 
map^ will be one4ottrtb of those for the other^ ke. 
Therefore if yop would enlarge a map which is laid 
down by a sca^e of 130 perches to an ineh^ to one Gtf 
40 pefrches to an inch, the distance from the several 
stations to the centre^ being set twice beyond the said 
stations^ will mark out t|ie several points required^ 
for these points will be three times further from the 
centre than the stationary points of the map are. 

In the same manner^ if you would enlarge a map 

Ipom a scale of 160^ to one of 40 perdies to an ineh^ 

the distance 'from the several stations to the centre^ 

being set three times beyond eaid stations/ will lay 

out the points for your enlarged map; for these points 

Bi 
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will be four times further from the centre than are the 
fltations of the map. 

When a map is enlai^ed to another^ whose scale is 
doable^ or treble, quadruple, &c. of the given ouci 
every line, as well as the length and breadth ol the en- 
larged map, will be double, or treble, or quadruple, &c. 
those of the given one, for it must be easy to conceive 
that those maps are like : but the area, if the scale be 
double, will be four times ; if treble nine times ; if qua- 
druple, sixteen times that of the given figure ; that is, it 
will contain four, nine, or sixteen times as many square 
inches as the given one (for it has been shewn th&t like 
polygons are in a duplicate proportion with the homo- 
logous sides.) Yet these figures being cast up by their 
respective scales, will produce the same content. 

Thus much is sufficient for enlarging maps, and 
from hence, diminishing of them will be obvious ; for 
one fourth, one third, or half the distances from the 
several stations to the centre, will mark tmi points, 
which if joined, will compose a map similar to the 
given one^ whose scale will be four times^ three times, 
or twice as small as the given one. 

Thus, if we would reduce a map from 40 to 80, 
from 20 to 40, from 10 to SO perches to an inch, &c. 
half the distance of the stations from the centre will 
give the points requisite for drawing the map ; if we 
would reduce from 40 to 120, from SO to 60, from 10 
to 30 perches ^o an inch, &c. one third of the distan- 
ces to the centre, will give the points for the map, and 
if we would reduce from 40 to 160, from SO to 8Q, 
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ftom 10 to 40 percbes to an inch, &c. one fourth of 
the distances to the centre^ will give the points for 
the map. 

By i;he methods here laid down I have ^red^Eicei a 
map from a scale of 40 to one of 20 percherl^i^im 
inch^ M^hich contained upwards of ISOO acres, and 
* cousisted of 3S4 separate divisions, withont the least 
confusion from the lines ; for none can arise if the me- 
thods here laid down be strictly observed. ' 

I have also from the same methods reduced a large 
book of maps, each of which was an entire skin of 
parchment^ and the whole contained upwards of 
46000 acres, to a pocket volume ; and afterwards con- 
nected all these maps into one map, which wa$ con- 
tained in one skin of parchment : therefore upon the 
whole I do recommend these methods for reducing 
maps to be much more accurate than any of the me- 
thods commonly used, such as squaring of paper^ 
using a parallelogram, proportional compasses, or any 
other method I ever met with, though the figures tot 
be reduced were ever so numerous^ irregular or com- 
plicated* 

Ehw ta unite separate maps of lands which join each 
other) into one map of any assigned size* 

If there be several large maps contained in a book^ 
ei^ch of which suppose to take up a skin of parchment^ 
or a sheet of the largest paper ; which maps of lands 
join each other ; and it be required to reduce them to 
so small a scale, that all of them when joined together 
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may be contained in one skin, half a skin, or any as- 
signed sized piece of parchment or paper. 

Having pricked off and copied the several maps on 
any kind of paper^ unite them by cutting with scissors 
along the edge of one boundary which is adjoining the 
other, but not cutting by the edge of both^ and throw 
aside the parts cut off; then lay these together on s 
large table, or on the floor, and where the boundaries 
agreed they will fit in with each other as indentures do ; 
and after this manner they are easily, connected ; mea- 
sure then the length and breadth of the entire connect- 
ed maps, and the length and breadth of the parchment 
or paper you are confined to;" if the former be three^ 
four, or five times greater (that is, longer and broader) 
than the latter, reduce each copied map severally to a 
scale that is three, or four, or five times less^ as before ; 
and the same parts of the boundaries you cut by in 
the large maps^ by the same you must also cut in* 
smaB ones, and unite the small as the large ones were 
united ; cementing them together with white wafer ; 
thus will your map be reduced to the assigned size, 
which copy over fair; on the parchment or paper you 
were confined to. 

But it is not always that a person is confined to a 
given area of parchment or*paper ; in such cases, if 
there are many large maps to be united into one, re- 
duce each of them severally tB a scale of l60 perches 
to an inch; and unite those by the contiguity ot boun- 
daries, as before : or if you have a few, it will be srf- 
ficient to reduce them to a scale of 1^, &c. But hav- 
ing the maps giveu; and the scale by which they were 
laid down, your reason will be sufficient to direct you 
to knoW; what scale they should be reduced to. 
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YARIA.T10N OF THE COMPASS. 

And how to find it by •Amplitudes &r Jtzimul^ of the 

' Sun. 

1. Lt was before observed; tbat the needle does not 
pcMiit truly to the north or south points of the horizon : 
the number of degrees^ therefore^ that the points of 
the needle are from the iprth or south points of the 
liorizoB; is called the variation qf the needhp or com-' 

fUSS. 

This variation differs widely in many places ; for in 
some^ the needle will point several degrees on the 
Weil side of the north ; at others there will be little or 
no variation^ and agaio^ at others it will point several 
degrees on the ea^ side ; in the same place it differs 
sensibly in ^ few years ; the true cause or theory of 
which; has not hitherto been discovered or explained 
(6r Want df a sufficient number of observations* 

S. The globe of the eaHh revolves round its axis 
hi twenty-four hours from west to east; aad hence alt 
tSelestial bodies seem to iiove from east to west 

3. The extremities of the axis are called the foles \ 
%e one the north or arctic, and the other the south or 
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antarctic. And if the axis be produced to the hea- 
vens^ it will point out the celestial poles^ 

4. If a circle be supposed to pass round the globe 
of the earthy so as to be eqimistant from each pol% 
it is called the equator, or equinoctial line, and by 
some the line only. 

And if the plane of the equator be produced to the 
heavens^ it will lay out the celestial equator. 

6. The latitude of any place, is its nearest distance 
to^ and counted from the equator in degrees and mi- 
nutes ; and is north or south as it lies on the north or 
south side of the equator. 

6. The poles are 90 degrees from the equator : there- 
fore the complement of the latitude of any place, is the 
latitude taken from 90 degrees, or the distance of the 
place from its nearest pole. 

7* The declination of the eun, is the nearest dis- 
tance thereof from the celestial equator counted in 
degrees and minutes ; and is north or south, as it lies 
on the north or south side of the equator. 

8. The sun's declination taken from 90, leaves the 
tomplemsnt thereof; or its distance from the nearest 
celestial pole. 

9. The sun^s aUitude, is the number of degrees and 
minutes the sun is above the horizon, and is easily 
found by a quadrant, as before. 
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iO. What the sun's altitude wants of 90^ or the 
san's distance from the zenith, or point of the heavens 
perpendicularly over you, is the complement of the 
altitude. 

11. The magnetical amplitude^ is the complement 
of the sun's bearing at rising or setting, taken by the 
quartered compass ; on it is the number of degrees the 
^un is from the east or west ]point of the compass, at 
rising or setting. 

12. TAe true amplitude^ is the complement of de- "^ 
grees the sun would rise or set on if the compass did 

not vary ; or it is the number of degrees the sun is 
from the east to the west point of the horizon, at ris- 
ing or setting; and this true amplitude is always 
north, if the sun's declination be north ; or south if 
the sun's declination be south. 

To find the variation ly the amplitudes. 

Having the latitude of the place, and the sun's de- 
olination given, the true amplitude is found by this as- 
tronomical proportion, viz. 

As the co-sineior sine complement of the latitude, 
Is to the sine of the sun's declination, 
So is radius 
, To the sine of tlie true amplitude. 

Then if both amplitudes be north or both south, 
their difference is the variation, but if one be north 
and the other south, their sum is the variation. 
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EXAMPLE IV. ■ ^ 



Sun's bearing at setting Lb SWl Si^y and tbe ^roft 
»mplitnde U found to be W. 6. 16'N. Beqoired tbe 
▼arjation. 



j» « 



IKT — 81|=8'^| the ma^etical akplitade from tltt ^ 
ifest 1 

True amplitude . W. «^. ^' N* 

Magnetic^l amplilpide W. 8 '.30 S. i 

I, 

' ■■ • ( 

YarUttoa 14 ME. 
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, Tbe true amplitude being to the rigbt of the ^agn 
netical^ tbe variation is easterly. «, ' 

ft 

S. To find Ae variation by aximuiks. 

a 

18. Tbe sun's magnetical azimytb is tbe bearing 
tbereof at any time of tbe day^ taketi by the quartered 
compass ; that is^ counted from the north or south to- 
wards the east or west points of the box* 

14. The sun's true azimoth is the point of the com- 
pass it would bear from you upon^ if there were no 
variation ; or it is the distance intercepted between 
the north or south points of the horizoni, and a verti-. 
cal circle^ or circle drawn from the zenith through' 
the sun to the horizon. 

Having the latitude of the place^ the sun's declint- 
tiop^ apd its altitude given^ the true f^zimuth is obr 
tained by the following astronomical prpportipfis^ 
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i • As the taDgent of ha:lf the complement of the ln- 
^ titade. 

Is to the tangent of half the sum of the distance of 
th^ sun from the pole^ and complement of the altitude. 

So is. the tangent of half the difterence between the 
distance of the sttn from the pole^ aiid ciomplement of 
the altitude^ 

To the tangent of a fourth ard. 

Add this fourth arc and half the complement of the 
latitude together^ their sum will give a fifth arc ; from 
which if the complement of the latitude be taken^ the 
remainder will give al' sixth arc« Then say^ 

As radius 

is to the tangent of the altitude^ 

80 is the tangent of the sixth arc , 
' To the CO- sine of the sun's true azimuth. ^ 

Which is counted from the north or soutb^ to th^ 
east or west^ according to the sun's situation at the 
' time and place of observation* 

If the latitude of the place^ and the sun's declination 
be both north or both souths the declination ta|ien from 
WPy gives the sun's distance from the pole ; but if 
one be north and the other souths the declination ad- 
ded to 90"^^ will give the snn'i distanqie from that pole 
which is nearest the observer. 

If both azimuths are east or west, their difference 
is the variation ; but if one be easij and the other 
west^ their sum is the variation. 
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To know whether the variation be eagterlj/ or westerij. 



Jnst as with tbe amplitudes^ let the observer's face 
be tamed to the sua ; then if the true azimuth be to 
the right hand of the magnetical one, the variation is 
easterly ; but if to the left, westerly. 



EXAMPLB I. 



In the latitude S3^. S(y Tf. the sun's declinatioft 
being 10^. 03, N. I find by observation the snn'0 
altitude to be 37^. 80', and its magnetical azimuth te 
be 8fi, 51^. Required the variation. 

90^ — 53.S0'=36.40, the compt. of the latitude 

18.S0. I the compt. of the latitude 
90O— «7o.80'=02^30, the compt, of the alti- 
tude. 

90P—i9°M'=7(P.tf7', the sun's dist. from the pole 

0S.8O compt. of the altitad<& 

123.S7 wm 



61.43 half sum 



18.87 difference 



9.13 half difference. 
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Is to the tangent of | the"^ 

gum of the distance of thef 61.40-10.86016 

sun from the pole and com- C 
plement of the altitude^ j 

I : tang, of ^ their difference 9.13—9.81088 



•*iai^ 



19.47938 
To ft tangent of a fourth arc. 48. 18—9.95907 



Half the compi of the latitude IS^.^C 
The 4th arc 4&. 18 



Their sum is the 5th arc 60. 38 

Complement of the lat. subtract 36. 40 



Gives the 6th arc 28. 58 



▲s radius 90<'.00'— 10.00000 

Is to tang, of the alt. 37.30— -9.88498 

: : tangent of the 6th arc 33.58— 0.64790 

Co-sine of the sun's true azim. 70.04— 9.53388 



True azimuth S. 70°.04' E. 

Magneti(»l azimuth Si 51. 00 £. 

Variation 19. 04 W. 



The true azimuth being to the left of the magnetic 
•ne, the variation is westerly. 
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BXAMPLB II* 

Suppose the iun's true azimuth N. 83^. Sty £. 
but the magoetical one N. 70^.30' £. Required the 
variation. 

True azintnth tf. eaP.W E. 

Magnetical azimuth N. 70. 80 £. 

YariaiioB IS. AO E. 



The true azimuth being to the right of the magnet 
tical one^ the variation is easterly. 



EXAMPLE III. 

Suppose the sun's true azimuth was S. 37^* 15W. 
and the magnetical one S. 4fi/^.30W. Beqaired the 
variation. 

True azimuth S. 87^. 15' W. 

Magnetical azimuth S. 44. SO W. 

Variatioii . 7-05 W. 



The true azimuth being to the left oi the magneti' 
cal one, the variation is westerly. 
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EXAMPLE lY. 



Suppose the sun's true azimuth be S. 4P.Q5 W. and 
.%\te magnetical one S. 3^.30 £• Required the varia- 
tion.' 

True azimuth B. 4*.p6' W. 

> Maguetical azimuth B* S. 30 £. 



Variation ^ 7. 30 E. 



true azimlith being to tb^e tight of the magne- 
, ' tical^ Ihe variation is easterly4 

The yariatiqn of the compass was first observed at 
liOiidon in the year 1580^ to be pne point of the com- 
pass easterly, or 11^.15' &. after wbirii time it became 
\ leas ; for in the year 1633 it was B^'.OO' E. in 1634 it 
was 4P05^ E. and so continued to decrease till the nee- 

t 

die coincided with the tri^e meridian, and then there 
was no variation ; after which the variation became 
westerly, a4d has ever since increased to the west- 
ward ; for in the year 1673 it was 3^.33' W. in the 
year 1683 it Wfts 4^.30' W. at London ; in 17S2 it 
was at Dublin found to 11^.15' W. and in 17S1 it 
was therp found to be 19°.00' W. At London, in the 
year 1800, it was about 23^.30', aifd still continues to 
increase wMerly «^t the rate of 11 or i2' every jrear, 

At Paris in 1640, the variation was 3^.00' E- in 
1666 there was no variation ; but in 1681 it was 
11^80' W. and still continues to go on westerly. 



S80 t*HE TABIATION OP THB GOMPA86. 

Mow to draw a true meridian line to a map^ having 
the variation and magnetical meridian gii^en. 

On any magnetical meridian or parallel^ upon 
which your map is protracted, set off an angle from 
the north towards the . east, equal to the degrees or 
quantity of variation, if it be westerly, or from the 
north towards the we^ if it be easterly, and the line 
which constitutes such an angle with the magnetical J 
meridian, will be a true meridian line. 1 

■ 

For if the variation be westerly, the magnetical me- 
ridian will b^ the quantity of variation of the west side 
of the true meridian, but if easterly on the east sii^,** 
therefore the true meridian must be a like quantity on 
the east side of the magnetical one, when the variation. 
is westerly, and on the west side when it is easterly. 

How to lay out a true meridian line by the circum- 

ferentor. 

• 

If the variation be westerly, turn the box about till 
the north of the needle points as many degrees from 
the flower-de-luce towards the east of the -box, or till 
the south of the needle points the like number ^of de- 
grees from the south towards the west, as are the num- 
ber of degrees coutained in the variation, and the in- 
dex will be then duer north and south ; therefore, if a 
line be struck out in the direction thereof, it will be 
a true meridian line. 
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If the ;vitriation was easterly^ let ttie north of the 
needle point as many degrees from the flower-de-luce 
towards the west of the box, or let the sooth of the 
needle point as many degrees towards the east, as are 
the number of degrees contained in the variation, and 
then tke north and south of the box will coincide with 
the north and south points of the horizon, and conse- 
quently a line being laid out by the direction of the 
index^ will be a true meridian line. 

This will be found to be very useful in setting an 
horizontal dial, for if yOn lay the edge of the index 
by the base of the stile of the dial, and keep the an- 
gular point of the stile towards the south of the box, 
and allow the variation as before, the dial will then be 
. due north and south, and In its proper situation ; 
provided' the plane upon which it is fixed be duly ho- 
rizontal, and the sun be south at noon ; but in places 
where it is north at noon, the angular point of the in- 
dex must be turned to the north. 

How maps may be traced by the help of a true meri- ' 

dian line. 

If all maps had a true meridian line laid out upon 
them, it would be easy by producing it, and drawing 
parallels, to make out field notes ; and by knowing the 
variation, and allowing it upon every bearing, and 
having the distances, you would have notes sufficient 
for a trace. But a true meridian line is seldofn to be 
met with, therefore we are obliged to have recourse 
to the foregoing method. It is therefore advised to 
lay out a true meridian line upon every map. 
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fBi THE VARIA.TION OF THE COMPAStS. 

How to find ike difference between the present mruh 
tion, and that at a time when a tract was formerly 
eurveyedy in order to trace or run out the eMriginal 
lines. 

If the old variation be specified in the map or writ- 
ings, and the present be known, by calculation or 
otherwise, then the difference is immediately seen by 
inspection ; but as it more frequently happens, that 
neither is certainly known, and as the variation of dif- 
ferent instruments is not always ulike at the same time, 
the following practical method may be very useful, viz. 

Go to any part of the premises where any two ad- 
jacent corners are known ; and if one can be seen from 
the other, take their bearing ; which compared with 
that of the same line in the former survey, shews the 
difference. But if trees, hills, &c. obstruct the view 
of the object, run the line according to the given bear- 
ing and observe the nearest distance between the line 
go run and the comer ; then. 

As the length of the whole line 

Is to 57.3 degrees* 

So is the said distance 

Toiihe difference of variation required. 

EXAMPLE. 

Suppose it be required to run a line which sow 
years ago bore NE. 45^, distance 80 perches, and in 
running this line by the given bearing, the corner is 
found SO links to the left hand ; what allowance most 

* 57.3 is the radius of a circle (nearly) in inch parts as the cin^' 
fereuce contains 360. 
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"be made on each bearing to trace the old lines, and 
wbat is the present bearing of this particular \jae by 
the compass? 

p. Dey. L. 

As 80 : 57.3 : : SO 
S5 80 



S|000 1146.0(0°.84'. 

60 



8)68|760.0 



■Mi 



Answer 34 minutes, or a little better than 
kalf a degree to the left hand, is the allowance requir- 
ed^ and the line in question bears N. 44^. SB'.E. 

jybte^ The different variations do not affect the 
aif^ea in the calculations^ as they are similar ia everj 
part of the survey. 



A Table of the Ban's Declination. 





For the Years 1808, 181S, 1816, 1830, | 


{ Days. 


J'an. 


Feb. 


March 


April. 


May. 


June. 


South. 


Sooth. South. 


North. 


North. 


North. 




D. M. 


U. M. 


D. M. 


D. M.D. M. 


D. M. 


3 


33 55 


16 47 


6 46 


5 3115 43 


33 SO 


7 


33 30 


15 35 


5 14 


6 53|16 50 


33 46 


11 


31 57il4 18 


3 40 


8 31 


17 54 


33 6 


15 


31 18 


13 58 


3 6 


9 48 


18 53 


33 SO 


19 


30 31 


11 85 


0S.30 


11 13 


19 4r 


38 S7 


S3 


19 89 10 9 


IN. 5 


13 33 


30 36 


33 S7 


Vf 


18 4l| 8 40 


3 38 


13 53|31 19 


38 SI 


For the Year 1809, 1818, 1817, 1881, ( 


322 51 


16 33 


6 52 


5 15 


15 38 


22 18 


7 


22 24 


15 21 


5 19 


6 46 


16 46 


22 45 


11 


21 50 


14 4 


8 46 


8 16 


47 SO 


i23 5 


15 


21 9 


12 43 


2 11 


.9 43 


18 50 


33 19 


1920 22 
33 19 29 


11 19 


OS.36 


11 7 


19 44 


38 27 


9 53 


0N.58 


12 29 


20 83 


28 27 


S7il8 80 


8 23 


2 33 


13 47 


21 17 


23 32 




For the Years 1810, 


1814, 1 


818, 1833, 


3 


22 52 


16 38 


6 38 


5 10 


15 33 


22 16! 


7 


22 2R 


15 25 


.5 25 


6 41 


16 42 


22 44 


U 


21 52 


14 8 


8 51 


8 10 


17 4)7 


23 4 


15 


21 13 


12 48 


2 17 


9- 37 


18 46 


23 19 


19 


20 25 


11 24 08.43 


11 2 


19 41 


23 26 


33 


19 32 


9 58 


0N.53 


12 24 


20 30 


23 27 


27 


18 33 


8 29 


2 27 13 42 


21 14 


28 22 


For the Years 1811, 1815, 1819> 1833, ( 


3 22 54; 16 43 


7 3 


5 4 


15 39 


S3 15 


7 23 38 15 30 


5 31 


6. 35 


16 38 


32 42 


11 


21 6414 13 


8 57 


8 5 


17 43 


23 3 


15 


21 15 12 53 


3 33 


9 32 


18 43 


23 18 


19 


20 2811 29 


OS. 48 


10 57 


19 m 


23 26 


33 


19 35 10 3 


0N.4r 


12 19 


30 37 


28 28 


27 


18 37 8 34 2 21 


13 38 


31 IS 


23 23 
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% 



Each being Leap- Year. 



oo 



July. 



■* n mjn I* 



North. 



August 



North. 



Sept. 



North. 



Oct. 



South. 



N 



ov. 



South. 



Dec. 



South. 



11 



U. M. 

22 59 



3 

7\22 



22 



D. M. 

14! U 



±B2i 
19S0 

S7119 



37 
8 

33 

53 

6 

14< 



15 
16 

17 
13 

13 

10 



37 

17 



47 

37 
5 



D. M. 

3 83 

4 4 
6 33 



4 7 



lN.38 
OS. S 
1 39 



D. M. 



3 



7 

8 
10 
11 
13 



33 
1 

27 



59 
33 
417 



D. M. 

15 
16 



733 
3033 



D. M. 

9 
39 



18 

19 
30 



49131 



38 
33 
31 
33 

10 



33 
33 
33 
33 
33 



£ach the first Year after Leap- Year. 



1 



333 

, 733 
ll{33 
ld31 
10,30 
a3i30 
37I19 




36 
13 
33 
55 

9 

18 



17 
16 

15 

14 

13 

11 

10 



36 
31 



9 
51 
33 
10 



7 
6 

4 

3 

1 



39 
10 
39 

71 

34 



ON. 1 
IS.33 



3 
5 

6 

8 

9 
11 
IS 



53 
36 

57 

37 
66 

31 

44 



15 
16 

17 

18 

19 
30 
31 



3 
15 
34 

28 

27 

30 

8 



33 
33 
33 
33 
33 
S3 



Etich the Second Year alter liCap-Year. 



33 
733 
1133 
1531 
1930 
3330 



3 
40 
13 



17 
16 

15 



37 



19 



58 
13 
31 



3814 



IS 
11 
10 



39 
35 
36 
13 

57 
37 
15 



7 
6 

4 

3 

1 

ON. 6 

1S.S8 



a 

4 

13 
40 



3 
5 
6 

8 

9. 
11 
10 



48 

30 
53 
33 
50 



14 
16 

17 
18 

19 



57 



33 



1133 



20 
25 



3433 



1630 
4031 



17 
5 



33 
33 



33 
33 



£ach the third Year after Leap-Year. 



2 
18 
36 

37 

31 



^ 6 



3:1 
1 

17 

26 

27 
31 



4( 
36 


16 
36 
38 
23 






3 

7 
11 

15 
19 



33 
33 

33 
21 
31 
SO 



3 
41 
14 
40 


15 



3719 S4|10 



17 

16 
15 
14 
13 
11 



43 7 49 
39 6 30 
30 4 50 
18 3 18 
3 1 45 
4Sl ON.IS 
sol IS. 



3 
5 

8 

9 
11 
12 



^14 
1516 
4717 
1718 



5 

7 
16 



45 
11 



35(31 



19 
30 



30 
14 

3 



33 
33 
33 



3133 



33 
33 
33 



2 
34 

58 
16 
35 
83 
32 



•.«• 



t86 KfiC£3SART mRECTIOVS; 

Some J^Tec^aary Directions concerning Surveys in 

general. 

If yoa have a large quantity of ground to survey, 
which consists of many fields or holdings^ and that it 
be required to map and give the respective ^contents 
of the same^ it is best to make a survey of the whole 
first, and to be satisfied that it is truly taken, as well 
as to find its content ; and as you go round the land, 
to make a note on the side of your field-book at every 
station where the boundary of any particular field or 
holding intersects or meets the surround ; then pro- 
ceed from any one of those stations^ and in your 
field-book, say, '' proceed from such a station,'^ and 
when you have gone round that field or division, in- 
sert the station you close at, and so through the 
whole : a little practice can only reuder this suffi- 
ciently familiar, and the method of protraction must 
be evident from the field-notes. When the whole is 
protracted, and you are satisfied of the close of tbe 
particular divisions, cas^ up each severally, and if 
the sum of their contents be equal to the content of 
the whole first found, you may safely conclude that 
all is right. 



The protraction being thus finished and cast up, 
transfer it on clean paper, vellum, or parchment, as 
before ; be careful to draw your lines with a fine pen, 
• write on it the names of the circumjacent lands, and 
set No. 1, S, 3, 4, &c. in every particular field or 
division ; let every tenant's particular holding be dis- 
iiQguished by a different coloured paint being run 
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finBlj along the boundaries ; let all the roads^ rivu- 
lets, rivers^ bogs^ ponds^ houses, castles, churches, 
beacons, (or whatever else may be remarkable) on 
the ground be distinguished on the map. Write 
the title of the map in a neat compartment either 
drawn, or done from a good copper-plate gfaving, 
with the gentleman^s arms. Prick off one of your 
parallels with the map, and on it make a mariner's 
compass, and draw a flower-de-luce to the norths 
and this will represent the magnetical north ; after 
' which set off the variation, which express in figures, 
and through the centre of the compass, let a true 
meridian line be drawn of about 3 inches long, by 
which write True Meridian. Let a scale be drawn : 
or it is sufficient to express the number of perches 
to an inqh, the map was laid down by. Draw a re- 
ference table of three, or if occasion be, of four or 
more columns : in the first insert the number of the 
field or holding : in the next its name, and by whom 
occupied : in the third the quantity of acres, roods^ 
and perches it contains : " if you have unprofitable 
lamd^ as bog or mountain, let the quantity be insert- 
ed in the fourth column ; and if it be requird, you 
may make another column for statute measure^ and 
then the map is completed. 



• i. 



OF THE DIVISION OF LAND. 



SEC. YII. 



The method of dividing landy or of taking off or in- 

closing any given qvuntity. 

PROB. I. 

Given the area^ an angle^ and a side, in any plane 
triangle ; to find theother sides and angles. 

* 

Divide doufile the area by the given side ; the quo- 
tient will be the perpendicular thereon, from the op- 
posite angle j and by trigonometry the rest will be 
found. 

EXAMPLE. 




Suppose the area of the triangular field ABG to be 
4A. 3B. 38F. the side AB. 57 perches, and the angls 
at B. Sd"" ; to find AC and BG. 



MBTHOD OF DIVIDlHG LANP. 

A* K« P» « • 

4.8. 88=798 



fm 



d7)1996(S8=GD. 
114 



406 
456 

I ■ ■ * 

000 

As Sine of Z B : CD : : B : BG=48.81 
As Eaditts : EG : OS : B : BD=89.99 
As AD : DG : : B : tang. ^ A=58^ 43' 
As Sine of Z A : DG : : R : AG=33. 76 



BXAHPLE II. 




Suppose AB 11. 50 chuns ; angle A 46*^; and the 
»ti, 9.0M ; to find the sides. 

Answer. AG=SS.S4. BCsl6.48'. 

«7 



M£THOD OF DITIDING 1.AKD* 
£XAMPL£ III. 

Given the area 10 acres, base AB 384 jwrds ; am 
the angle B, 65° ; to find the sides and other ajigles. 

Answer, BG=S78 AC 8060.9 $ A G=^io.36' awi 

FBOB. II. 

To divide a triangle into any number of parts^ hzx* 
ing any assigned proportion to each other, by rigU 
lines drawn from one of its angles to the opposite side. 

Divide the base in the same prc^ortion with the 
assigned parts ; from these divisions draw lines to jhe^ 
proposed angle ; and the thing required is done. 



EXAHPLrE. 




Given the area of the triangle ABC = IS and the 
'base AB 18 chains ; to divide it into two parts, one 
of which shall be double the other by a line dratVB 
from C to the base. 



''IT 
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M 


A.S 3: 
As 3] 


:8: 
;1: 


:18: 
:18: 


6-BE 5**^^1 


ru 








EXAMPLE II. 


■il 


' 






O 




rij ■ 

A fanner having three sons^ whose ages where 20^ 
^5, and 30 ye«i^, respectively, proposes dividing the 
triangular farm ABC among them in snch a manner^ 
that each shall have a part proportionable to his age ; 
Now supposing AB 71, BC 61, and AC 63 chs. 
^ What will be each son's share. 



■ 

I 

i. 

V 

« 

ft 



30 
S9 
80 

As 79: 




88.40=A9 
83.^7=DE 
18.93=£B 



A.t R« tf» 



The area will be foand equal to 180 1 80.3 



At • R* P« 



4ui75 




A. B/« P« 


C78 8ji 


18% 1 80 


^60 9 81 




/4i8 iS 
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PROB. III. 

To divide a triangle into any number of parts^ 
equal or unequal^ by right lines drawn from a gLven 
point in one of its sides. 

From the given point let fall perpendiculars on the 
other two sides; and by trigonometry find their 
lengths. Divide twice the area to be cut off adjacent 
to any of these sides, by the length c^ the perpendi- 
cular falling thereon ; the quotient will give the base. 




P; p. 

In the triangle ABC^ are given AJ9 4«6 ; AG 865 ; 

p. 
and BG S30 ; to divide it into 3 equal parts by linss 

drawn from the middle of the base AB. 

By trigonometry the angle A=^32P S9' and Z B=s 
e8<> 56'. 



METHOD OF DIVIDIK0 LANS. S9S 

APs=S13, hence - - - - Pm=114..9. 

. and Pn=182.4<. 

"Whole area =4196.1. 

One third part ..... =1398.7. 
Its double divided by Pm - ■ S43.46= AD 
^ by Pn - - 1S3.36=BE 

EXAMPLE 11. 

X^t AB be 4S cbains ; BC 40/ and AG 20, to di- 
fide the whqle into four eqaal parts by Uneai drawu 
from a point in AB. 10 chains from A. 

The area will be found equal to 399.0dchs. 
By trigonbkietry the an^e A 3= 62° 44'. 

B=:26S3 

G s: go 03 

As B : AP : : S Z A : Pm = 8.8S 
As B : PB : : S Z B : Pn = 13.55. 

FBOB. IV. 

To divide a three-sided field into any assigned 
parts^ by lines drawn parallel to one of its sides. 

Gall that side parallel to which the lines are to be 
draw% tl^ base^ then say^ as the whole area is to 
the square of eithw ride, so is the area to be cut off 
towardisi the verticle ang|le^ to the square of its corr 
responding side. 



^ 
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EXAMPLE U 




To divide the triangular field ABG into two equal 
parts by a line drawn parallel to AB ; sapposing AB 
4i5, BG 36, and AG ST chains. 

As the whole area 486 : 2f\^ 
And the square root is lO.OOSsCa 
And as 466 : 86 : : S4i3 : 648 and 
the square root is S5.499=Gi. 

EXAMPI.E II. 




Let it be required to divide the field ABG (whose 
sides are AB 40 ; BG 90 ; and AG 60 perches) into 
three parts, which will be to each other as the num- 
bers 2, 3, and 4, by lines parallel to AG. 



..1 

"i 
"s 

< 

i 



METHOD OP DITIBIK6 LANB. S9S 

Answer. BD=i8.8. BE=iS9.8. 

and the area equal 99S perchei. 

» 

PROB. v.. 

I 

Through a given point in a triangle to draw a line 
to cut off a given area^ if possible. 

liet ABC be the triangle^ and P the point through 
which the line must pass ; let PD^ perpendicular^ 
and F£ parallel to AG be founds either by actual 
measurement^ or by trig(mometfy. Divide the area 
to be cut off, by the length of PD, and set off the 
quotient from G to /; subtract PE from Gf, square 
the remainder from which take the square of PE j 
the square root of the remainder^ set off from / to n^ 
will give the position of the line nPm^ required. 

fiXAMPLE. 




let DPslO^ and PE 11 perches $ aud the area to 

A R 

^ecatoffail SssSJO perches. 



sge 
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10)S40 



11=PE 



Square of 18 isslSQ 
Square of llisslSl 



48 



!M<.00 



80.93sCs 



» ■■■ 



PROB* VI. 

Through a given point in a rectangular paralfefo^ 
gram, to draw, if possible^ a right.line which shall 
divide the s^ame into two assigned parts. 

Through the given point P draw e¥f paralkl i» 
ABy or DC ; find the area of the rectangle eB : then 
say^ as the difference of the squares of Pe and Pf is to 
the difference between the area to be cut off^ and the 
rectangle Be, so is Pe to en, or Tf to fm. 

EXAMPLE. 




METHOD or DIVIDING LAND. ^ 8^7 



EXAMPLE^ 

t.et AB=60 ; AD=40 ; Pe=10 ; and Ae=15, to 
draw nPm^ dividing the rectangle into two equal 
parts. 

60x 15 -900 ihe area of Be 
S0x60:=lS90 the to be cut off 



300 their diff. 



2500 
100 



As 94b00=diff. sqrs. ; 300 : : 50 : 6.S5=/w^ 

: ; 10 : 1.25=:^it 



iPltOB. Viti 



From any given point in the boundary of a farm^ 
to run a line that shall cut off a given number of acres 
from that farm. . 

Kstimate as nearly as convenient w^here the line 
will run then by I*rob. 1. pt. S ; find the bearing and 
length of that line, and the area it cuts off, the differ- 
ence between which, and the area required, will be 
had by some one of the problems in this chapter* 

38 
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EXAMPLE I. 




Given A© N27° E. diat. 81.13 chains. 

DC S37I E. 4S.00 — ^ 

CB S4J W. 39.a0 

BA West 09.70 

A 

To draw a line from B to cut off 100 towards A. 
Ik is evident the line will fall on AD, and conse- 
quently the part cut off will be a triangle. 

Therefore S X 1000-=-59.70=33.50s:per. P«? and 
As 8. A A 63° : P» : : Rad. : AP=37C 60 links, 
"hence BP=54.S1, bearing North 31° 50' West, 
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EXAMPLE 11,^ 




From the middle of AB^ in the last example^ to 
draw a line dividing the whole survey into two equal 
parts« 

As radius : AK : : S. Z A : En=r!&6^60 heuce the 

C. L. 

triangle AED=1079.029— 1334,733 half the content 
875.704 X S-^DE (7.89)=72-55=Fw. 

As sine Z wDF,43° 21'- : Fw : : Rad. : DF=li.OQ 
CD. 

in the same manner^ it might be divided into three^ 
four^ or any nun^>er of parts^ by lines drawn from 
^ven points in any one of the bounding lines^ 

PROS, VIII. 

To cut of any number of acres from a farm by a 
line parallel to one of the sides« 









800 



lIBTaOS OP DIVIDING LAK9. 

« 

£XAMPL£ I. 




Suppose it w^re required to cut ofT 100 iicres from 
tlie fariD^ in the foregoing examples by a right line 
parallel to the side AB. 

Produce the sides AD; BG adjacent to that side 
which is to be parallel to the division line^ till tbey 
meet in G; from G on AB let fall the perpeqdicuiiur 
GE. The angle AGB is 22^45' ; therefore as Sine Z 
AGB : is to AB : : so is S, Z A : to BG=i37.Si5 ; and 
as Rad, : BG ; : 8, ^ B [85^45] to GE=:137.17; this 
multiplied by AB and divided by 2 gives 4094.5.S4i( 
for the area of the triangle aGb^ from which take 1000 
the area to be cut off^ and there remains 3094.dS^ &c. 

for the area of the triangle aQb ; then as triangle ABCf 

GB : : abG : Gb% hence G&^119.S8; which taken from 

GB leaves B6- 17.97. In like fanner Ao=20.ll, 
Therefore; if nO chains^ 11 hi^k», be set off from Ato o^ 
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^.nd 17 chains 97 links from B to by the line ah will 
qut off 100 acres and be parallel to AB. 

JTie same by another Method. 




ATt B 

Put AB=«; Co. tang, of A=« ; Co. tang, of B=r^ 
and the perpendicular afz=:x ;♦ then as 1 : x: : s: 
3ar=A/^ and as 1 : x:: r: rx=zBd ; theref ore^ /rf, or 
its e<}ual ab is=a — sx+rx and | AB -^^ ab—a — | «a?4-f 
Tx put n=5 — r ; and R for the area to be cut off. 

Then ax-^i na?=sB ; hence we have x^ — — xzn — and 

n n 

I 
2 



by completing the square a?=: g — a^ — 2nK which gives 



n 



4?=17.02; hence AasSO, 11, andB&=17, 97^ the same 
as before. 

^ote. If the angles at A and B were both obtuse, 



then would n=:8+ry and a?= <^'-f^^ R | — ^ birf if one be 
obtuse, and the other acute, and the Co. tang* of the ob- 
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time angle the greater^ then will n=ss S r, and 

i 



a*-f8nR — a as before ; but if both be acute^ w— «+r 



i 



and a?=<* — fl' — 2nR\ and these theorems will afford 



n 



the most expeditious solution that the. above useful 
problem can admit of. 

J^Tote 2. The quantity a'-f^nH or a' — ZnJSL expres- 
ses the length of the division line a b. 

EXAMPLE II. ' 

To divide off 50 acres by a right line, parallel to 
DC in the .same survey with the preceding examples. 

Here the angle D=6445' its Go. ta,ng. =— 1.4?1630 

0=138'' 00' its Co. tang. =— 1.110606 . 



therefore n =—.63897^ 
IL=50, and S R= 1000 



a It B = 638.976 
:a=4S and a' = 1764'.000 



S n R+a* = S402.976 



I 



a'-t^nRl =ab=z 49.0S019 
a*+^R\ !— 4=^=109865 



n 

As9. zBix:: Bad.: I)c=l2.iS 
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EXAMPLE IIlJ 



tt is required to cut off 80 acres adjoitiing and pa- 
to BG^ ia the same survey. 



Here the angle B is 94P 1 g', Go. tang. t=-— .07431 
angle C is 138^00', Go. tang. =— 1.11061 



therefore n = — 1.18498 



a=:S9.S0 ; and o^+2wR=a6 = 58.583 
hence fl^'+anRj —a ^g. jg found=10.36 



n 



kence Gc=24.45 and Bb = 16.40| 



EXAMPLE IV. 



D 




801 HETHOD OF DIYIDIl^G LAND. 

To divide off ISO acres, adjoining and parallel to 
AD. 

Co. tang. Z D c= .4<7103 
Co. tang. Z A= .50933 



and n = .98115 



SR=r2400 
SuR =rS354.76 
a* =6582.0769 



1 

7 



a«— SnRj* =65.018 

o — a' — ZnR ^= ar = l6.4iB 



n 



As 8. Zj):x: : Rad. : I)J= 18.15 
As S. Z A : a? : : Rad. : Aa = 18.4<3 

If it were required to cut off from a given farm anf 
number of acres by a line, having a given bearing 
the problem might be solved from the precepts already 
given ; for by drawing a line from any convenient 
angle in the direction required, find its lengthy by the 
foregoing problem^ and then the content it incloses ; 
which done, the last problem will give the position 
of the line required. 

* 

example; 

Let it be required to cut off 100 acres from the N. 
end of the foregoing survey^ hy a line running north- 
west and south-east. 
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!I<*rom G, draw GE, North East ; then since BG is 
. 37° 4<5' E. the angle DGE mast be 7° id' and the 
angle D is 6^ 45', therefore angle £ is 108° 00'. 

As 6. E. :I)G :: S.D : GE =89.94=a 
hence the triangle DGE = 105.80 chs. 
area to be cat off = 1000. 
difference • • 894.15 <ih=B 
Go. tang. E 7S° is = . 32493 
Co. tang. G 130° 45' = .86160 
• Therefore «= .53674 

2nn= 959.85314 
a* = 1595.S036 

a*+8nB|* =50.65 nearly 
o»+S«Rl*— a=ar=19.76i 



n 
hence E<2 = 30.78 
cb = 36.08 



r 
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' OF SDRTETING HABBODM, SHOALS, &C. 807 

*Fhis method I omit for two reasons ; first, becaase 
it is to be deduced from tbe writers on navigation : 
and* secondly, becaose the distances tlius measured 
are liable to the errours of cnrrents,^ which generally 
attend shoals or sands near the shore. 

Xhe second method, where there are.no distance* 
to be measured on the water, tho' still there is one in- 
convenience, common also to the former, because th« 
bearings or observations are to be taken on that un- 
stable element (an errour scarce mentioned by practi- 
cal artists) I shall briefly biDt.at; and so rather choose 
a third, which is liable to neither of these imperfec- 
tions. 
f 

t Let a boat be manned out with a single flag, a log 
and line, lead and line, and to observe the bearings 
of any land mark, a compass with sights. 

Xake two or more objects or places, as A, B, C, 
on the shore, from whence the boat may be seen on 
the several parts of this shoal, and detennine their re- 
lative position by bearing and distances, either beforo 
or after the other necessary observatio^M'^ nu''- 

One of the boat's crSi^ is to sound till -iie, finj 
self on the edge of the sknd by the depth.''| 
and then to come to an anchor; which I 
to two persons on the shore^ at B j 
signal. And then from those known iStid-marks, B 
and C, the observers are to take the bearings of the 
boat, and to register their observations ; which when 
done, they are to signify to the crew by waving a 
lag, or by some other signal. 



And In the mean time^ to prevent mbtalcea, let tlit 
erew take the bearings of each of these Und-miMrki : 
then weigh anchor^ which suppose at D. 

Then^ by sounding proceed to £, and make like 
observations. And so at E^ ¥, G, &c. till you have 
surrounded y oar sand. 

And if in this process^ you are about to lose the 
ai^ht of one of your land-marks^ suppose C^ let your 
assistant at G^ or B^ who at that time will also be 
about to lose sight of the boat^ by signals (before 
agreed on) remove to some other object before-hand 
agreed pn^ suppose to H; or JC ; and then to proceed 
M before. 

Lastly^ if the sand ruqs so far out to sea^ that the 
object cannot be seen from the boat^ nor the boat by 
the observer on shore ; there may be rockets fired by 
the boat's crew^ and also by the observers on shore 
in the night, whereby those bearings mi^y be taken al- 
most at as great a distance as the light can be seen* 
For supposing they rise but a quarter of a mile above 
the appar^yi^rizon, its stay will be about 9 secondly 
an d its distance for this q^uarter of a mile will be vi* 

Jsible iiw^t 44 miles. 
I But ro^lMs rise much higher, and then the distaa? 
pes are m^^^rei^ter at which they are visible. 

Or two boats may lie at anchor instead of the land- 
niarks^ an4 tben you m4/ work as before. 



^oWf since tbe land marks B and G are fixed, their 
position may be laid down in the draught, as in com* 
man surveying, by plotting the difitance between B and 
C* And then, by plotting the line BD, and the line 
DC5, according to their position, their common inter- 
section, will give the point D. And in like manner E, 
Vy &, &G, may be plotted ; and so the shoals com- 
pleted : and this from the bearings taken at B and G^ 

If this be a standing Uke, environed by bogs, or 
other impediments, the observations at D, E, F, &c. 
by taking their opposites, may suffice to plot the^ same 
from the land-marks. A, B, G, &c. as well as those 
taken on the land ; or indeed, by the course and dis« 
tance, as in navigation, if the water be smooth and 
without a current. 

In sea shoals it is convenient to note afr each ob» 
' servation the depth of ihe water found by the lead> 
and the drift and setting of the current by the log and 
compass, while the boat is at anchor, which may be 
done with ease and expedition enough. For while 
the boat rides at an anchor,#trer stern points out the 
setting of the current^ and the log and glass will mea- 
sure its drift. 

And these ought to be noted on the draught, whiclu 
may be thus : 

The currents may be shewn, by drawing a dart 
pointing out its setting, and its drift by the Roman 
capital letters, the depth of water by the small figures^ 
%lid rocks by little crosses, &e. 
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LEVELLING. 




X^EVELLiNG is the art of ascertaining the perpendicu- 
lar ascent or descent of one place (or more) above or 
below the horizontal level of another^ for various in« 
tentions } and of marking out courses for the convey- 
ance of water^ &c. 
* 
The true level is a curve conforming to the surface 
of the earth ; as ABG. 

The apparent level is a tangent to that curve ; as 
ADE. 

The correction^ or allowance for the earth's curva- 
ture^ is the difference between the apparent level and 
the true^ as BD. The quantity of this correction may 
be known by having; in the right-angled triangle 
CAD^ the two legs^ AG=the semidiameter of the 
earth (=1367900 perches) and AD=the distance of 
the object, to And the hypothenuse CD, from which 
taking (CB=C A) the remainder will be the correction 
BD ; but it may be obtained more practically^ thus : 
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Square the distance in 

four-pole chains and divide by 800^ 
or in perches and divide by 18800^ 
or in miles and multiply by 8^ 

fer the correction in inches. 



EXAMPLE. 



Required the correction for ^0 four-pole ehainssSO 
pttrches=| mile. 



800)30xfi0»400(.9 
12800)80x80=6400(.5 
J=.25, and .25x.S5x8=.5 
that is .0^ or | inch^ the correction required 

But^ to save the trouble of calculation^ we insert 
tlia follow^ls TablQ of Gorrections. 



Sit 



to USTEIiliINC 



Jt Table of CoTteeHanM* 
The distances in fburfple diaiBs. 



Distun. 


Correc, 


Distan. 


Conrec. 


Chains. 


Inches. 


Chains. 


Inches. 


1 


0,00189 


«7 


0,91 


s 


0,009 


S8 


0,98 


3 


0,01 1S9 


S9 


1,09 


. 4 


0,0S 


30 


f,18 


9 


0,03 


• 81 


1,19 


6 


0,04 


38 


,i,«r •. 


7 


0,06 


33 


1,39 


8 


0,08 


34 


1,44 


9 


0,10 


39 


1,93 


10 


0,1S 


36 


1,68 








' 


11 


0,19^ 


87 


' U7i ' 


12 


0,18 


88 


ifSa 


13 


0,21 


39 


1,91 


14 


0,S4 


40 


8,00 


10 


0,88 


49 


8,88 


» 16 


0,8S 


90 


3,18 


17 


0,36 


99 


8,78 , 


18 


0,40 


60 


4,90 * 


19' 


0,49 


69 


9^31 


^ 


0,90 


70 


6,18 


SI 


0,99 


7fi-: 


7,03 


SS 


0,60 


80 


8,00 


S3 


0,67 


89 


9,03 


S4f 


0,7S 


90 


10,18 


S9 


0,78 


99 


11,88 


S6 


0,84 


100 


18,90 
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ft 

The first thing necessai^ in levelling^ is the adjust- 
ing of the level, which may be performed several 
ways. The following is very easy and practical. 

Jg*m. 




Choose some ground which is not above 4 or S feet 
-out of the level, for the distance of 8 or 10 chains 
length, and suppose it be AB (fig. ISS.) and find the 
middle between A and B, which suppose to be C ; 
plant the instrument at G ; direct the tube to a station- 
staff^ held up at A, and elevate or depress the tube, 
till the bubble is exactly in the middle of the divisions ; 
then by signals direct your assistants at A, to raise or 
depress the vane, sliding on the station- staff, till the 
horizontal hair in the glass, cuts the middle of that 
vane : then see how many feet, inches, and parts, are 
cut by the upper part of the vane, winch suppose to 
be 3 feet 4* inches and 6 tenths. 

In like manner direct to the other staff, at B, and 
suppose the upper edge of that vane to cut at the 
height of 6 feet 5 inches and 2 tenths ; then will these 
two vanes be on a leveL 

From 6 feet 5.2 inches subtracts feet 4.6 inches and 
reserve the remainder 8 feet 0.6 inches. 

Now remove the instrument as close to the higket 
station-staff as you can ; so that the middle of the te- 
lescope may almost touch it. Then bring the telescope 

as near to a level as the judgment of the eye will direct. 

40 
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Measure from the grounlt^ the height of the top of 
the telescope ; and also of the bottom^ in feet^ inches^ 
and parts : Suppose them to be 4 feet 1.05 inches, and 
5 feet 0.3 inches ; then half the sum of thete heights 
4 feet 11.4 inches is the height of the centre of the 
glass ; and to this add half the breadth of the vane^ 
which suppose to be 1 inch and 9 tenths^ and to the 
sum 6 feet 0.9 iuclies^ add the preceding remainder 
3 feet 0.6 inches ; then let the person at B move his 
Tane^ till the upper edge cut 8 feet 1,5 inches^ the snn 
of the preceding numbers, , 

Now, so elevate or depress the hair or the bubble^ 
till the hair cut the middle of the vau^ at B, and^i^ the 
same time the bubble stands in the middle of the divi* 
sions ; and then will the instruoi^nt be duly adjusted. 

« 

If you have a mind to be accurate, repeat the ope- 
ration ; but when you place the instrument at G, tam 
the tube at right angles to the line AB, and there set 
it level ; then proceed with the repetition of the work. 
Only observe to cross-level it in this adjustment, and 
in all future uses whatsoever. 




Or the level may be adjusted thus : As before, first 
plant the instrument in the middle between A and B 
(fig. ISO.) and observe the heights on the station- 
staves, which suppose to be as above ; and conse- 
quently their difference, as before, is 3 feet 0.0 inches. 
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JhiTow measure from C towards the highest ground A, 
some distance that comes almost to A ; suppose 4 
chains to D^ and DB will he 9 chains^ and DA one 
chain : Then plant the instrument at D^ direct the 
telescope to A^ and^ setting the bubble to the middle 
of £he division^ direct your assistant to move the vane^ 
till the hair cuts the middle of it ; and note down th6 
feet^ inches^ and parts cut by the upper edge of the 
vane ; which suppose to be 3 feet 8.4 inches : To this 
add the difference 3 feet 0.6 inches^ and the sum 8 
feet 9 inches reserve. 

I^ow direct the telescope to the staff at B^ level it^ 

and direct your assistant to move the vane^ till the hair 

cuts the middle thereof ; and then^ if the upper edge 

of the vane cuts the foregoing sum 6 feet 9 inches^ the 

hair and bubble are truly adjui^ted. But if not^ say^ 

As BD less AB^ is to the difference between the 

numbers cut by the upper edge of the vane^ and the 

number 6 feet 9 inches^ so is the distance AD to a 

liumber^ which added to that cut by the vane^ when 

less than 6 feet 9^ and subtracted from the number cut 

by the vane^ when it is greater than 6 feet 9^ will 

give a number to which let the assistant ftx the vane ; 

then so elevate or depress the hair or the bubble, till 

the hair ' cuts the middle of the vane at B^ and the 

bubble stands in the mid(Me of the divisions ; for then 

the level will be adjusted* The operation may be 

again repeated, and at every station cross-levelled^^ 

which will confirm the former adjustment. 
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Or it will be still better to set tbe statioD-st&veK 
eqaally distant from tbe iDstnimeDt (suppose abent 16 
or SO percbes eacb) at aJi angle of about 60° or so tf 
to form aearly ao equilateral tiiuigle therewitb, and le- 
Tet the S vanes (A and B fig. 130) as before, wbick 
will be tbea botb in tbe same berizontal level, wbether 
the instrument be right adjusted or not, because rat 
will be as much above or below the true level of the in- 
stramf nt, as the other, being at tbe same distance from 
it ; then remove the instrument as near as may be to 
<Hie of them, suppose A, and raise or lower the vane A 
to the exact level of the visual ray in the instromen^ 
noting precisely how mncb it is moved, and have the 
other vane B moved just as much in order to bring 
them again to a level, allowing for the correction of 
the apparent level if it be a sensible quantity, then ad- 
just the instrument to the level of the vane at B. 




Toadjust the rafter level (fig. 131.)frhichmaybel0| 
IS or I'll feet in the span AB; set itonaplankorhard 
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groiHid nearly leyel^ and mark where the plumb lines 
eats the beam mtiy suppose at c^ then invert the posi- 
tion by setting the foot A in the place of B^ and B in 
that of A marking where the line now cuts as at e ; 
ttie middle point between c and e will be the true le- 
Telling mark. 

To continue a level course with this instrument^ set 
the foot A to the starting place, and move B upward 
or downward toward D or E, till the point B be de- 
termined and marked for a level with A, then carry 
the instrument forward in the direction of G till the 
Jbot A rests at B, whence the point C is levelled as 
before^ &c. Sights may be placed at r and 8 and the 
instrument adjusted to them^i as before, by reversing 
them in the direction of some distant object. 

After the instrument is duly adjusted, you may pro- 
ofed to use it. Let the example bef this annexed (fig. 
13S.) where A every where represents the level, and 
B the, station-staves ; and suppose the route be made 
from ato ef first plant the instrument between the 
staves a and b: at A direct the level to a B, bring the 
' bubble to the middle of the divisions, and instruct 
your assistant so to place the ^ vane, that the hair in 
the telescope cuts the middle of the vai^e ; then in a 
book divided into two columns, the one intitled Back 
Sights^ the other Fore Sights^ enter the feet, inches, 
and parts cut by the upper edge of the vane at a B^ 
i« the column intitled JS&ek Sights, 
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Then look towards the other staff 6 B, bring th# 
babble to the middle of the divisions^ and direct your 
assistant to place the vane so^ that the hair cuts the 
middle of the vane ; tbeii enter the feet, inches, and 
parts cut by the upper edge of the vane in the co- 
lumn of Fore Sights. 

Now, plant the instrument at A^, still keeping the 
9taff B6 exactly in the same place, and carry the staff 
aB forwards to the place cB ; now look back to the' 
(staff B&, and enter the numbers cut by the vane 
there, under the title Back hights ; then look for- 
wards to cB. and enter the observation under the title 
Wore Sights. Do the like when the instrument is 
jplauted at A , A , &c. always taking care to keep 
the staff in the same place when you looked at it for 
a Fore Sight, till you have also taken with it a Back 
Sight. 

Having finished your level, add up the column of 
Back Sights into one sum, and the column of Fore 
Sights also into one sum ; and the difference between 
.these sums is the ascent or descent required. And if 
the sum of the Folh0Sights be greater than the sum 
of tte Back Sights^ then e is lower than a ; but if the 
sum of the Fore Sights, be less than Uie «um of the 
Back Sights, e is higher than a. For example, let 
the numbers be as in the following table : 



• 



seo 
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Back Sigkt$. 



Wore Si^ts. 



FmU 


loch. 


Tenths. 


. FeeC 


loch. 


IVRtfaS. 


8 . 


. 7 : 


» ff 


6 . 


4 , 


, 5 


4 


. 6 . 


» 8 


8 . 


, 3 


, S 


6 . 


; 


> S 


9 , 


. 4 


, r 


9 . 


> « 1 


» 


8 . 


> r . 


, 8 


1 


. . 


► 7 


9 . 


• 4 . 


» 8 


'S4 . 


• 8 , 


• * 


38 . 


1 


» tf 








S4 . 


. . 8 . 


> & 




13 


. 4 


r 8 


Hent 


:ethede 


tscentis 


13 . 


. .4 ) 


, 8 



Some ob$ervatianB to be noticed. 

1« And if the distances thus taken are shorty tht 
Curvatare of the earth may be rejected. For if the 
distance from the instrument be every where about 
100 yards^ all the curvatures in a mile's work will be 
less than half an inch* 



S. If the distances from the instrument to the hind- 
most staffs be every where equal to the distance from 
the instrument to the corresponding staff ; the curva- 
ture of the earthy and the minute errours of the instru- 
ment will both be destroyed. Hihte it will be much 
best to set the instrument as equally distant from both 
staves as may be. 

3. If the distances of the instrument from the 
staves^ be very unequal and vwy long, the curvatures 
must be accounted for, and the distances^ in order 
thereto^ must be measured. 



QF LEVELINa* 



8^1 



4«« Therefore it appears^ that the best method, to 
talce a levels is to measure the several distances from 
the instrument to the back and forward station-staves ^ 
and enter them in the field-book^ according to the 
titles of ilieir several columns, as in the following ex- 
ttmple ; and correct the heights from the table of al- 
lowances ; which may be done at home, when you 
are about to sum up the heights. 



Backwarks. 



Forwards. 



Distan. 



Height. 



Inches. 



870 
4<30i 

76o' 

584i 
698 



3;S0 

5,38 
7,85 
8,15 
10,25 
6,3S 



Coprected. 



Inches. 



3658 
3146 

'—*t — r 

68,04 



3,24 
6,@8 
5,81 

7,21 

8,14 

10,20 

6,29 



46,47 



Distan- 
Links. 

418 
328 

289 
530 
485 
876 
720 



Inches. 

4,36 

7,18 

6,75 
9,53 

11,25 

8,65 

10,34 



Corrected. 



Inches. 



31,46 



4,34 

7,17 
6,67 
9,50 

11,22 

8,63 

10,28 



57,81 
46,47 



rtM^ 



11^34) 



So that the fall in 68 chains is about 11 inch^ 
and I of an inch. 

Lastly, Though hitherto we have considered the 
level with one telescope only, the same observations 
may be applied to a level with a double telescope ; 
and I would advise those who use the double tele- 
scope, at every station to turn that end ot the tele- 
scope forward, which before was the contrary w|y* 

41 
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•d more general method qf leveUingy oAwfted to the 
surveying of roads and hiUy grounds^ exhihitei in 
the following example, in which the measures ere 
gjiven in links. 



EXAMPLE. 



A* 133. 



Heqaired the bearing and distance of the place B 
from A, and its perpendicular ascent or descent^ above 
or below the horizontal level of A. 





Course or 


Elev. or 


Obi. 


Hor. 


Peipen. 


l>if. 


De- 


P 

• 

1 


Bearing. 


Depres. 


Dist. 

738 


Dist- 

705 


Asoent 
or Dew 

318.9 


laA. 

131 


part 
693 


N E 79° 18' 


D 17° 15' 


2 


NB75 00 


DSl 45 


mi 


685 


353.4 


164 


613 


S 


N E 50 80 


E14 00 


976 


947 


336.1 


603 


780 


4 


S EjB5 15 


Dll 80 


930 


911 


185.4 


76 


908 


5 


s £70 00 


E19 15 


630 
3948 


085 


304.0 


300 


549 


3783 


317.6 


633 


34(93 













Desc 


N. 1 E. 1 



As Dif. Lat. 

Is to radius 8. 90°, 
So is Dep. 349s 

To T. Bear. 79^ 54'. 



As 8. Bear. 79° S4r 
Is to Dep. 3408, 

So is radius S. 90° 
To Dist 3547. 



As 100 links : 66 feet : : 217.6 links : 143.6 feet, 
the descent of B. below the level of A. 

Hence, B bears N. 79° 54' E. from A."^ 
Nearest horiz. dist. 8S4/7 links. / 
Sam of obi. dist. 3946 links, > Answer. 
Sum of horiz. dist. 3783 links. \ 
P6rp. desc. gl7.6 L.=143.6 F. J 



PROMISCUOUS QUESTIONS^ 3^ 

With the angular elevati<Hi or depression in the 
third column^ add the oblique distance in the fourth 
(as course and distance) are found the horizontal 
distanpe i& the fifths and the perpendicular ascent 
or descent in the sixths for each station (as difference 
of latitude and departure :) then with the bearing and 
borizotital distance we get the difference of latitude 
iand departure in the two last columns. 

Xhe ascents and descents in the sixth column are 
^distin^ished by the letters E and D in thethird^ 
signifying elevation or depression : and being added 
separately the difference of their sums is set at the 
bottom of the column with the name of the greater, 
and shews the perpendicular descent of B below the 
horizontal level of A. 

In like manner the northings and southings iinlhe 
seventh column are distinguished by the letters N 
and S in the second, &c. 



PROMISCUOUS QUESTIONS. 

!• The perambulator, or surveying wheel, is so 
contrived as to turn just twice in the length of a pole 
or 16 1 foot ; what then is this diameter ? 

Answ. S.6S6 feet. * 

S. Two sides of a triangle are respectively SO and 
40 perches ; required the third so that the content may 
be just an acre ? 

Answ. either S3.099 or 58.876 perches. 



u 
X 



SS4 PROMISCUOUS QUESTIONS.' 

8. I want the length of a line by which my gardea- 
er may strike out a round orangery that shall oon:bifli 
just half an acre of ground ? 

Answ. 271 ywp*^ 

« 

4. What proportion does the arpent of France, 
which contains 1(K) square poles of 18 feet each^ bear 
to the American acre, containing (60 square poles of 
16.3 feet each, considering that the length of the 
French foot is to' the American as 16 to Id ? 

Answ. as 512 to 600* 

5. The ellipse in Grovesnor square measures 8^ 
links the longest way, and 61S the shortest^ withiii 
the rails ; now the wall being 14< inches thick, it is 
required to find what quantity of ground it incloses, 
and how much it stands upon ? 

Ausw. It incloses 4A. 16P. and stands on i760| 
Square feet. 

6. Required the dimensions of an elliptical acre, 
with the greatest and least diameters in the propor- 
tion of 3 to S ? 

Answ. 17.479 by 11. 6£^ perches, 

7- The paving of a triangular court, at iSd. per 
foot, came to 100/. The longest of the three sides 
was 88 feet : what then was the sum of the other two 
equal sides ? 

Answ. 106.85 feet 



>v ' PBOMISCUOUS QUESTIONS. 32S 

, S* III 110 acres of statate measure^ in wMch the 
pole is IGl'^feet^ how many Cheshire acres where the 
Customary pole is 6 yards^ and how many of Ireland^ 
Mrhere the pole in use is .7 yftrds ? , 

A.1QISW. 9»a! IB. 38P. Cheshire J 67A. 3R. 8eP. 



O. The three sides oT a triangle containing 6 A, IR. 
ISP. are in the ratio of the three numbers, 9^ 8^ 6^ 
respectively j required the sides ; 

Answ. 59.039^ 53.4?^ and 39.353. 

lO. In a pentangular fields beginning with the 
south side^ and measuring round towards the east^ 
the first or south side is 3735 links^ the second 3115^ 
the third 2370, the fourth 29S6, and the fifth 3320; 
also the diagonal from the first angle to the third is 
3800 links, and that from the third to the fifth 4iQ(|p : 
required the area of the field ? 

Answ. 117A. 2R. 38P. 

11* Required the dimensions of an oblong garden^ 
containing three acres^ and bounded by 104^ perches 
of pale fence ?^ 

Answ. 40 perches by 13. 

13. How many acres are contained in a square 
meadow^ the diagonal of which is 20 perches more 
than either of its sides ? 

/ Answ* 4A. SR. IIP. 



8S6 MOHI8CUOU9 Qn£8T10K5« 

18. If a man six feet high trayel nmiid theemth, 
liow mach greater will be the cnremiife^ace deacribei 
hjT the top of hia head^ than hy hie feet ? 

Answ. 37-69 feei. 

m 

N. B. The required difference is equal to the ci^ 
cumference of a circle of 6 feet radius^ let the ms^- 
tade of the earth be what it may, 

14. Required the dimensions of a parallelogram 
containing SOO acres^ which is 40 perches longer thu 
wide? 

Answ. SOO perches by 160. 

15. What difference is there between a lot S8 
perches long by SO broad^ and two others each of 
half those dimensions ? 

Answ. lA. 3B. 
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36 


311 


33.85 


3.40 


33.84 


3.57 


38.82 


3.74 


38.80 


3.91 


3S 


40 
41 


39.85 
40.84 


3.+y 

3.5/ 


39.83 
40. a5 


3.66 


39.82 


3.83 


39.80 


4.01 


40 


3.75 


40.81 


3.93 


40.79 


4.11 


41 




41.84 


3.66 


41.83 


3.84 


41.81 


4.03 


41.79 


4.21 


42 


43 


43.!'4 


3.75 


42.82 


3.93 


42.80 


4.12 


43.78 


4.31 


43 


44 


4.T.S; 


3.83 


43.83 


4.03 


43.80 


4.22 


43.78 


4.41 


44 


45 


44 S.; 


3,92 


4t.ai 


4.1? 


44.79 


4 31 


44.77 


4.51 


45 


46 


45.!iJ 


4.ni 


■IS. HI 


4.21 


45.79 


4.41 


45.77 


4.61 


« 


A7 


46.82 


4.U' 


46.80 


4.30 


46.78 


4.50 


46.76 


471 


47 


4S 


47.8 > 


4.18 


47-80 


4.39 


47.78 


4.60 


47.76 


4.81 


48 


45 


48.81 


4.27 


48.79 


4.48 


48.77 


4.70 


48.75 


4.91 


49 


50 


4a -Bl 


4.36 


49.79 


4.58 


49.77 


4.79 


49.75 


S 01 


91 


i 

Q 


U,'|>. 


L:ii- 


84, 


La..- 


Drp. 


Lai 


Dcii. 


L»t. 


a 


as 


>i.E. 


B'lT. 


84 


D^£ 


84J 


Deg. 
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H 


5 Deg. j 


5i I)^g. [ 
Lat. De||. 


Lat. 


3ejf. 


5i S 


Dep. 


JL 
. 

51 


• 


Lat. 


Dep. 


Dep. 


Lat. 


51 


50.81 


4.44 


50.79 


4.67 


50.77 'm.8^ I 


50.74 


5.U 


51.80 


4i.5S 


5i.78 


4.76 


51.76 


4.9$ 


51.74 


5.21 


52 


53 


52.80 


4.62 


52.78 


4.8^ 


52.76 


5.08 


52.73 


5.31 


53 


S^' 


53.79 


4.71 


53.77 


4,94 


53,7^ 


5.18 


53.73 


5.41 


54 


ss 


54.79 


4.79 


54.77 


5.03 


54.75 


5.27 


54.72 


5.51 


55 


56 


55.79 


4.88 


55.77 


5.lS 


55.7 f 


4.3? 


5S,.72 


5.61 


56 


St 


56.78 


4.97 


56.76 


5.22 


56.7 f 


5.46 


56.71 

57.71 


5.71 


57 


5a 


5!r.78 


5.06 


Sl.76 


5.3l 


57. 7i 


5.56 


5.81 


58 


59f 


58.78 


5.14 


58.75 


5.40 


58.73 


5.65 


58.70 


5.91 


59 


60 


59.7? 


5.23 


59.75 


5.49 


59.7i 


5.7i^ 


59.70 


6.01 


60 

61 


n 


60.77 


5.32 


60.74 


5.58 


6Q.72 
61.71 


5.85 


60.69 


6.11 


4 


61.76 


5.40 


61.74 


5.67 


5.94 


61.69 


6.21 


62 


63 


62.76 


5.49 


62.74 


5.76 


62.71 


6.04 


62.68 


6.31 


63 


64 


63.76 


5.58 


63.73 


5.86 


63.71 


6.13 


63.68 


6.41 


64 


6S 


64.75 


5.67 


64.73 


5,95 


64.70 


6.23 


64.67 


6.51 


65 


66 


65.7$ 


5.75 


65.72 


6.04 


65.70 


6.33 


65.67 1 


6.61 


66 


er 


66.75 


5.84 


66.72 


6.13 


66.69 


6.42 


66.66 


6.71 


67 


68 


67.74 


5.93 


67.71 


6.22 


67.69 


6.52 


67.66 


6.81 


68 


69 


68.74 


6.01 


68.71 


6.31 


68.68 


6.61 


68.65 


6.91 


69 


70 


69.73 


6.10 


69.71 


6.41 


69.68 


• 6.71 


69.65 


7.01 

• 


70 
71 


71 


70.73 


6.19 


70.70 


6.50 


70.67 


6.81 


70.64 


r.u 


f2 


71.73 


6.28 


71.70 


5.59 


71.67 


6.90 


71.64 


7.21 


72 


73 


72.72 


. 6.36 


72.69 


6.68 


72.66 


7.00 


72.63 


7.31 


73 


74 


73.72 


6.45 


73.69 


6.77 


73,66 


7.09 


73.63 


7.41 


74 


75 


74.71 


6.54 


74.69 


6.86 


74.65 


7.19 


74.62 


7.51 


75 


76 


75.71 


6.62 


75.68 


6.95 


75.65 


7.28 


75.62 


7.61 


76 


77 


76.71 


6.71 


76.68 


7.05 


76.65 


7.38 


76.61 


7.71 


77 


78 


77.70 


6.80 


77.67 


7.14 


77.64 


7.48 


77.61 


7.81 


78 


79 


78.70 


6.89 


78.67 


7.23 


78.64 


7.57 


78.60 


7.91 


79 


80 


79.70 


6.97 


79.66 


7.32 


79.63 


7.67 


79.60 


8.02 


80 
81 


81 


80.69 


7.06 


80.66^ 


7.41 


80.63 


7.76 


80:59 


8.12 


8^ 


81.69 


7.15 


81.66 


7.50 


81.62 


7.86 


81.59 


8.22 


82 


83 


82.68 


7.23 


82.65 


7.59 


82.62 


7.96 


82.58 


8.32 


83 


84 


83.68 


7.32 


83.65 


7.69 


83.61 


8.05 


83.58 


8.42^ 


84 


85. 


84.68 


7.41 


84.64 


7.78 


84.61 


845 


84.57 


8.52 


a5 


86 


85.67 


7.50 


85.64 


7.87 


85.60 


8.24 


85.57 


8.62 


86 


87 


86 67 


7.58 


86.64 


7.96 


86.60 


8.34 


86.56 


8.72 


87 


88 


87.67 


7.67 


87.63 


8.05 


87.59 


8.43 


87.56 


8.82 


88 


89 


83.66 


7.76 


88.63 


8.14 


88.59 


8. 53 


88.55 


8.92 


89 


90 


89.66 


7.84 


89.62 


8.24 


89.59 


8.63 


89.55 


9.02 


90 
91 


n 


90.65 


7.93 


90.62 


8.33 


90.58 


8.72 


90.54 


.9,12 


92 


91.65 


8.02 


91.61 


8.42 


91.58 


8.^ 


91.54 


9.22 


92 


93 


92.65 


8.11 


92.61 


8.51 


92.57 


8.91 


92.53' 


9.32 


93 


94 


93.64 


8.19 


93.61 


8.60 


93.57 


9.01 


93.53 


9.42 


94 


95 


94.64 


8.28 


94.60 


8.69 


94.56 


9.11 


94 52 


9.52 


95 


96 


95.63 


8.37 


95.60 


8.78 


95.56 


9.20 


95.52 


9.62 


96 


97 


96.63 


8.45 


96.59 


8.88 


96.55 


9.30' 


96.51 


9,72 


97 


98 


97.63 


8.54 


97.59 


8.97 


97.55 


9.39 


97.51 


9.82 


98 


99 


98.62 


8.63 


98.59 


9.06 


98.54 


9.49 


98.50 


9.92 


99 


100 

• 

cn 


99.62 


8.72 


99.58 


9.15 


99.54 


9.58 


99.50 


10.02 


100 

.2" 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 
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84i Deg. 
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TRAVERSE TABLE. 



• 


6Der. n 


6* Dcg. Il 


6i Deg. 1 


6| Degr. 




»*. 

«*■ 

a 
1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


1 


0.99 


O.IO 


0.99 


0.11 


0.99 


0.11 


0.99 


0.12 


2 


1.99 


0.31 


1.99 


0.23 1 


1.99 


0.23 


1.99 


0.24 


2 


3 


3.98 


0.31 


3.98 


0.33 


2.98 


0.34 


2.98 


0.35 


3 


4 


3.98 


0.41 


3.98 


0.44 


3.97 


0.45 


3.97 


0.47 


4, 


5 


4.97 


0.52 


4.97 


0.54 


4.97 


0.57 


4.97 


0.59. 


5 


6 


5.97 


0.63 


5.96 


0.65 


5.96 


0.68 


5.96 


0.71 


6 


r 


6.96 


0.73 


6.96 


0.76 


6.96 


0.79 


6.9S 


0.82 


7 


8 


7.96 


0.84 


7.95 


0.87 


7.95 


0.91 


7.94 


0.94 


8 


9 


8.95 


0.94 


8.95 


0.98 


8.94 


1.03 


8.94 


1.06 


9 


10 

• 

11 


9.95 


1.05 


9.94 


1.09 


9.94 


1.13 


9.93 


1.18 


10 
11 


10.94 


1.15 


fo.93 


1.20 


10.93 


t.25 


10.92 


1.29 


12 


11.93 


1.25 


11.93 


1.31 


11.92 


1.36 


11^.92 


1.41 


12 


13 


12.93 


1.36 


12.92 


1.42 


12.92 


1.47 


12.91 


1.53 


13 


14 


13.92 


1.46 


13.92 


1.52 


13.91 


1.59 


13.90 


1.65 


14 


15 


14.92 


1.57 


14.91 


1.63 


14.90 


1.70 


14.90 


1.76 


15 


16 


15.91 


1.67 


15.90 


1.74 


15.90 


1.81 


15.89 


1.88 


16 


17 


16.91 


1.78 


16.90 


1.85 


16.89 


1.92 


16.88 


2.00 


17 


18 


17.90 


1.88 


17.89 


1.96 


17.88 


2.04 


17.88 


2. 12 


18 


19 


18.90 


1.99 


18.89 


2.07 


18.88 


2.15 


18.87 


2.23 


19 


20 
21 


19.89 


2.09 


19.88 


2.18 


19.87 


2.26 


19.86 


2.35 


20 

21. 
22^ 


20.88 


^2.20 


20.88 


2.29 


20.87 


2.38 


20.85 


2.47 


22 


21.88 


2.30 


21.87 


2.40 


21.86 


2.49 


21.85 


2.S9 


23 


22.87 


2.40 


22.86 


2.50 


22.85 


2.60 


22.84 


2.70 


23 


24 


23.87 


2.51 


23.86 


2.61 


23.85 


2.72 


23.83 


2.82 


24 


25 


24.86 


2.61 


24.85 


2.72 


24.84 


2.83 


24.83 


2.94 


25 


26 


25.86 


2.72 


25.85 


2.83 


25.83 


2.94 


25.82 


3.06 


26 


27 


26 85 


2.82 


26.84 


2.94 


26.83 


3.06 


26.81 


3.17 


27 


28 


27.85 


2.93 


27.83 


3.05 


27.82 


3.17 


27.81 


3.29 


28 


yy 


28.84 


3.03 


28.83 


3.16 


28.81 


3.28 


28.80 


3.41 


29 


30 
31 


29.84 


3.14 


29.82 


3.27 


29.81 


3.40 


29.79 


3.53 


30 
31 


30.83 


3.24 


30.82 


3.37 


30.80 


3.51 


30.79 


3.64 


32 


31.82 


O . t)4 


31.81 


3.48 


31.79 


3. 62 


31.78 


3.76 


32 


33 


32.82 


3.45 


32.80 


3.59 


32.79 


3.74 


32.77 


3.88 


33 


34 


33.81 


3.55 


33.80 


3.70 


33.78 


3.85 


33.76 


4.00 


34 


35 


34.81 


3.66 


34.79 


3.81 


34.78 


3.96 


34.76 


4.11 


35. 


36 


35.80 


3.76 


35.79 


3.92 


35.77 


4.08 


35.75 


4.23 


36 


37 


36.80 


3.87 


36.78 


4.03 


36.76 


4fl9 


36.75 


4.35 


37 


38 


37.79 


3.97 


37.77 


4.14 


37.76 


4 30 


37.74 


4.47 


38 


39 


38.79 


4.08 


38.77 


4.25 


38.75 


4.41 


38.73 


4.58 


39 


40 


39.78 


4.18 


39.76 


4.35 


39.74 


4.53 


39.72 


4.70 


40 


41 


40.78^ 


4.29 


40.76 


4.46 


40.74 


4.64 


40.72 


4.82 


41 


42 


41.77 


4.39 


41.75 


4.57 


41.73 


4.76 


41.71 


tP • 2r 'v 


42 


43 


42.76 


4.49 


42.74 


4.68 


42.72 


4.87 


42.70 


5.05 


43 


44 


43.76 


4.60 


43.74 


4.79 


43.72 


4.98 


43.70 


5.17 


44, 


45 


44.75 


4.70 


44.73 


4.90 


44.71 


5.09 


44.69 


5.29 


45 


46 


45.75 


4.81 1 


^5.73 


5.01 


45.70 


5.21 


45.68 


5.41 


46 


47 


46.74 


4.91 


46.72 


5.12 


46.70 


5.32 


46.67 


5.52 


47 


48 


47.74 


5.02 


47.71 


5.23 


47.69 


5.43 


47.67 


5.64 


48 


49 


48.73 


5.12 


48.71 


5.34 


48.69 


5.55 


48.66 


5.76 


49 


50 


49.73 


5.23. 


49.70 


5.44 


49.68 


5.66 


49.65 


5.88 


50 

• 
CD 

1_ 


• 

a 


Dep. 


Lat. 


Dep. 


Lat. 

4 


Dep. 


Lat. 


Dep. 


Lat. 


84 J 


Otg. 


1 ^i 


Deg-. 


1 m 


Deg. 


83i 


Deg. 



'f'RAVERSE TABLE. 



a 


6Deg. 


6i Dcg. 


6i Deg. 1 


6J Deg. 


s 


,^ 


Lat. 


«Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 
5.99 


"^ 


51 


50.72 


5.33 


50.70 


5,SS 


50.67 


5.77 


50.65 


51 


52 


51.72 


5.44 


51.69 


5.66 


51.67 


5.89 


51.64 


6.11 


52 


53 


52.71 


5.54 


52.68 


5.77 


52.66 


6.00 


52.63 


6.23 


53 


54 


53.70 


5.64 


53.68 


5.88 


53.65 


6.11 


53.63 


6.35 


54 


55 


54.70 


5.75 


54.67 


5.99 


54.65 


6.23 


54.62 


6.46 


55 


56 


55.69 


5.85 


55.67 


6.10 


55.64 


6.34 


55.61 


6.58 


56 


57- 


56.69 


5.96 


56.66 


6.21 


56.63 


6.45 


56.60 


6.70 


sr 


58 


57.68 


6.06 


57.66 


6.31 


57.63 


6.57 


57.60 


6.82 


58 


59 


58.68 


6.17 


58.65 


6.42 


58.62 


6.68 


58.59 


6.93 


59 


60 


59.67 


6.27 


59.64 


6.53 


59.61 


6.79 


59.58 


7.05 


60 


61 


60.67 


6.38 


60.64 


6.64 


60.61 


6.91 


60.58 


7.17 


61 


62 


61.66 


6.48 


61.63 


^.75 


61.60 


7.02 


61.57 


7.29 


62 


63 


62.65 


6.59 


62.63 


6.86 


62.60 


7.13 


62.56 


7.40 


63 


64 


63.65 


6.69 


63.62 


6.97 


63.59 


7:iS 


63.56 


7.52 


64 


65 


64.64 


6.79 


64.61 


7.08 


64.58 


7.36 


64.55 


7.64 


65 


66 


65.64 


6.90 


65.61 


7.19 


65.58 


7.47 


65.54 


7.7^ 


66 


67 


66.63 


7.00 


66.60 


7.29 


66.57 


7.58 


66.54 


7.88 


67 


68 


67.63 


7.11 


67.60 


7.40 


67.56 


7.70 


67.53 


7.99 


68 


69 


68.62 


7.21 


68.59 


7.51 


68.56 


7.81 


68.52 


8.11 


69 


70 


69.62 


7.32 


69.58 


7.62 


69.55 


7.92 


69.51 


8.23 


70 


n 


70.61 


7.42 


70.58 


7.73 


70.54 


8.04 


70.51 


8.35 


71 


,72 


71.61 


7.S% 


71.57 


7.84 


71.54 


8.15 


71.50 


8.46 


72 


73 


72.60 


7.63 


72.57 


7.95 


72.53 


8.26 


72.49 


8.58 


73 


74 


73.59 


7.74 


73.56 


8.06 


73.52 


8.38 


73.49 


8.70 


74 


75 


74.59 


7.84 


74.55 


8.17 


74.52 


8.49 


74.48 


8.82 


75 


76 


75.58 


7.94 


75.55 


8.27 


75.51 


8.60 


75.47 


8.93 


76 


77 


76.58 


8.05 


76.54 


8.38 


76.51 


8.72 


76.47 


9.05 


77 


78 


77. &7 


8.15 


77.54 


8.49 


77.50 


8.83 


77.46 


9.17 


78 


79 


7B.S7 


8.26 


78.53 


8^ 


78.49 


8.94 


78.45 


9.29 


79 


80 


79.56 


8.36 


79.53 


8.71 


79.49 


9.06 


79-45 


9.40 


80 


8t 


80.56 


8.47 


80.52 


8.83 


80.48 


9.17 


ao.44 


9.52 


81 


82 


81.55 


8.57 


81.51 


8.93 


81.47 


9.28 


81.43 


9.64 


82 


R1 


82.55 


8.68 


82.51 


9.04 


82.47 


9.40 


82.42 


9.76 


83 


84 


83.54 


8.78 


83.50 


9.14 


83.46 


9.51 


83.42 


9.87 


84 


85 


84.53 


8.88 


84.50 


9.25 


84.45 


9.62 


84.41 


9.99 


H5 


86 


85.53 


8.99 


85.49 


9.36 


85.45 


9.74 


85.40 


10.11 


86 


87 


86.52 


9.09 


86.48 


9.47 


86.44 


9.85 


86.40 


10.23 


87 


88 


87.52 


9.20 


87.48 


9.58 


87.43 


9.96 


87.39 


10.34 


88 


89 


88.51 


9.30 


88<47 


9.69 


88.43 


10.08 


88.38 


10.46 


89 


90 


89.51 


9.41 


89.47 


9.80 


89.42 


10.19 


89.38 


10.58- 


90 


91 


90.50 


9.51 


90.46 


9.91 


90.42 


10.30 


90.37 


10.70 


91 


92 


91.50 


9.62 


91.45 


10.02 


91.41 


10.41 


91.36 


10.81 


92 


93 


92.49 


9.72 


92.45 


10.12 


92.40 


10.53 


92.36 


10.93 


93 


94 


93.49 


9.83 


93.44 


10.23 


93.40 


10.64 


93.35 


11.05 


94 


95 


94.48 


9.93 


94.44 


10.34 


94.39 


10.75 


94.34 


11.17 


95 


96 


95.47 


10.03 


95.43 


10.45 


95.38 


10.87 


95.33 


11.28 


96 


97 


96.47 


10.14 


96.42 


10.56 


96.38 


10.98 


96.33 


11.40 


97 


98 


97.46 


10.24 


97.42 


10.67 


97.37 


11.09 


97.32 
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9$ 


97 


94-12 


23.47 


94.02 


23.88 


93.91 


24.29 


93.80 


24.70 


97 


98 


95.09 


23.71 


94.98 


24.12 


94.8^ 


24.54 


94 77 


24.95 


98 


99 


96-06 


23.95 


95.95 


24.37 


95.85 


24-79 


95,74 


25.21 


99 


100 

• 


97-03 


24.19 


95.92 


24.63 


.96.81 


25.04 


96.70 


25.46 


100 


Dep. 


Lat. 


Dep. 


Lat. 


Dep^ 


Lat. 


Dep. 


Lat. 






76 Deg. 


7Si Deg. 


J 75i Deg. 


75, Deg. 


s 

__^ 



IVAVERU TiBLE. 



i 


UD^r- 


13*0.ff. 


ISiD,,. 


liiDeg. 


1 




















Lat. 


Drp. 


Ut. 


Dep. 


Ui. 


Def. 


IM, 


Dep. 




1 


o.w 


0.96 


0.96 


0.36 


0.96 


o.sr 


0.96 


0.37 


"^ 


3 


l.M 


0.33 


1.93 


0.53 


1.93 


0.S3 


1.93 


0.5t 




3 


3.M 


0.78 


3.89 


0.79 


3.89 


0.80 


3.89 


0.81 




4 


3.W 


1.04 


3.86 


1.03 


3.85 


l.W 


3.Si 


1.09 




3 


4.83 


1.39 


4.83 


1.33 


4.83 


1.34 


4.81 


1.36 




6 


5.80 


1.35 


5.79 


1.58 


5-78 


1.60 


5.77 


1.63 




r 


6.76 


1.81 


6.75 


1.84 


6.75 


1.87 


6.74 


1.90 




8 


7.73 


3.07 


7.72 


2.10 


7.71 


3.14 


7.70 


3.17 






8.69 


3.33 


8.68 


2.37 


8.67 


3.41 


8.66 


3.44 




ID 


9.66 


3.59 


9.65 


S.63 


9.64 


3.67 


9.63 


3.71 




11 


10.63 


3.85 


10.61 


3.89 


10.60 


3.94 


10.39 


2.99 


11 


13 


11. » 


3.U 


11.58 


3.16 


11.56 


3.21 


11.35 


3.36 


u 


13 


13.S6 


3.36 


13.54 


3.43 


13.33 


3.47 


13.51 


3.33 


13 


14 


13.« 


3.63 


U.3t 


3.68 


13.49 


3.74 


13.47 


3.80 


14 


U 


U.49 


3.t8 


14.47 


3.93 


14.43 


4.01 


14.44 


4.or 


15 


16 


lS.4i 


4.14 


15.44 


4.31 


15.43 


4.28 


13.40 


4.34 


16 


ir 


16.43 


4.40 


16.40 


4.47 


16.38 


4.54 


16.36 


4.61 


17 


18 


I7..» 


4.66 


17.37 


4.73 


17.35 


4.81 


17.32 


«ra 


IS 


19 


18.35 


4.93 


18.33 


5.00 


18.31 


5.08 


18.39 


5.16 


IS 


30 


19.33 


5.» 


19.30 


5.36 


19.37 


5.34 


19. 35 


5.43 


3D 


IT 


30.38 


5.44 


30.26 


5.33 


30.34 


5.61 


30.31 


5.70 


31 


ia 


31.35 


3.69 


21.23 


5.79 


31.30 


3.88 


31.17 


5.^ 


33 


33 


33.23 


5.M 


33.19 


6.05- 


23.16 


6.15 


33.14 


6.34 


13 


24 


33.18 


«.31 


23.13 


6.31 


23.13 


6.41 


33.10 


6.51 


34 


2i 


34.15 


6.47 


34.13 


6.38 


24.09 


6.68 


34.06 


6.79 


35 


26 


33.11 


6.73 


25.08 


6.84 


25.03 


6.93 


25.03 


7.06 


36 


37 


36.08 


6.99 


36.03 


7.10 


36.03 


7.22 


35.99 


7.33 


37 


as 


27.03 


7.25 


37.01 


7.36 


26.98 


7.48 


26.95 


7.60 


38 


39 


38.01 


7.51 ■ 


27.98 


7.6J 


27.93 


7.75 


37.91 


7,87 


39 


30 


28.9S 


7.76 


38.94 


7.89 


38.91 


8.02 


28.87 


8.14 


30 


31 


39.94 


8.03 


39.91 


8.13 


29.87 


8.28 


39.84 


8.41 


31 


39 


30.91 


8.38 


30.87 


8.43 


3(1.84 


8.53 


30.80 


8.69 


32 


33 


31.88 


8.34 


31. B4 


8.68 


31.80 


8.83 


31.76 


8.96 


33 


34 


33.U 


8.80 


33.80 


,6.94 


33.76 


9.09 


32.72 


9.23 


34 


39 


33.81 


9.06 


33.77 


9.31 


33.73 


9.35 


33 69 


9 SO 


35 


36 


34.77 


9.32 


34.73 


9.47 


34.69 




34.65 


9.77 


36 


37 


35.74 


9.58 


35.76 


9.73 


33.SS 


9.89 


35.61 


10.04 


37 


38 


36.71 


9.84 


36.66 


10.00 


X.W 


10.16 


36.37 


lO.iJI 


38 


39 


37.67 


10.09 


37.63 


10.36 


37.SB 


10.43 


37.54 


10.59 


39 


40 


38.64 


10.35 


38.39 


10.33 


3S.S5 


10.69 


38.50 


10.86 


40 


41 


39.60 


10.61 


39.56 


10.78 


39.51 


10.96 


39.46 


11.13 


41 


43 


40.57 


10.87 


40.33 


11.05 


40.47 


11.22 


40.43 


11.40 


42 ' 


43 


41,33 


11.13 


41 .4d 


H^i 


41.44 


11.49 


41.39 


11. ff 


43 


44 


42. SQ 


\IM9 


43.45 


I*.«7 


43.40 


11.76 


42,35 


11.94 


44 


43 


4S.«- 


11.65 


43.43 


rt.84 


43.36 


12.03 


43.31 


12.31 


45 


46. 


44.43 


11.91 


44.3B 


13.10 


44.33 


13.39 


44.27 


12.49 


46 


47 


45.40 


13.16 


4S.Z5 


13.36 


43.39 


13.56 


45.24 


12.76 


47 


48 


46.36 


13.43 


46.31 


12.63 


46.35 


13.83 


46.20 


13.03 


48 


49 


47.33 


12.68 


47.27 


13.89 


47.32 


13.09 


47.16 


13.30 


49 


50 


48.30 


13.94 


48.24 


13.15 


48.18 


13.36 


48.13 


13.57 


30 


i 


Dep. 


L>t. 


mp. 


LU. 


De^J 


Lm. 


Dep. 


Ekt. 


1 


75 D 


*B. 


74J 


D*«. 


74i 


Der. 


74* 


Deg. 



TRAVERSE TABLE. 



33 



15 De^. 



15i l)eg. 



Lai. 



49.86 
50.23 
51.19 
52.16 
53.13 
54.09 
55.06 
56.02 
56.99 
57.96 

56.92 
5^.89 
60.85 
61.82 
^.79 
63.75 
64X72 
65.68 
66.65 
67.61 



Dep. 



68.^8 
69.55 
70.51 
71.48 

73.41 
74.38 
75.34 
76.31 
77.27 



78.24 
79.21 
80. f 7 
8M4 
82.10 
83.07 
84.04 
85.00 
85.97 
86.93 



87.90 
188.87 
89.83 
90.80 
91.76 
92.73 
93.69 
94.66 
95.63 
96.59 
H 



Dep. 



13.20 
13.46 
13.72 
13.98 
14.24 
14.49 
14.75 
15.01 
15.27 
15.53 



15.79 
16.05 
16.31 
16.56 
16.^ 
17. W 
17.34 
17.60 
17.86 
18.12^ 



18.38 
18.63 
18.89 
19.15 
19.41 
1^.67 
19.93 
20.19 
20.45 
20.71 



20.96| 
21.22 
21.48 
21.74 
22.00 
22.26 
22.52 
22.78 
23.03 
23.29 



23;55 
23.81 
24.07 
24.33 
24.59 
24.85 
25.11 
25.36 

25.62 
25.88 



Lat. 



49.20 
50 17 
51.13 
52.10 
53.06 
54.03 
54.99 
55.96 
56^92 
57.89 



Dep. 



;^at. 



58.85 
59.82 
60.78 
61.75 
62.71 
63.^8 
64.64 
65.61 
66.57 
67.54 



68.50 
69.46 
70.43 
71.39 
72.36 
73,32 
74.29 
75.25 
76.22 
77.18 



78.15 
79.11 
80.08 
81.04 
'82.01 
82.97 
83.94 
84.90 
85.87 
86.83 



75Ite(p. 



d7.80 
88.76 
89.73 
90.69 
91.65 
92,62 
93.58 
94.55 
95. 5t 
96.48 



Dep», 



13.41 
13.68 
13.94 
14.20 
14.47 
14.73 
14.99 
15.26 
15.52 
15.78 



16.04 
16.31 
16.57 
16.83 
17.10 
17.36 

17:62 

17.89 
18.15 
18.41 



19.! 
6.- 



18.68 
18.94 
».20 
.46 
19.73 
19.99 
20.25 
20.52 
20.78 
21.04 



21.31 
21.57 
21.83 
22.09 
22.36 
22.62 
22.88 
23.15 
23.41 
23.67 



23*. 94 
24.20 
24.46 
24.72 
24.99 
25.25 
25.51 
25.78 
26.04 
26.30 



Lat. 



74J Deg 



~\ 



15^ Deg. 



Lat. 



49.15 
50. H 
51.07 
52.04 
53.00 
53,96 
54.93 
55.89 
56.85 
57.82 



58.78 
59.75 
60.71 
61.67 
62.64 
63.60 
64.56 
65.53 
66.49 
67.45 



68.42 
69.38 
70.35 
71.31 
72.27 
73.24 
74.20 
75.16 
76.13 
77.09 



78.05 
79.02 
79.98 
80.94 
81.91 
82.87 
83.84 
84.80 
85.76 
86.73 



87.69 

88.65 

89.62 

90.58 

91.54 

92.51 

93.47 

94.44 

95.401 

96.36 



Dep. 



Dep. 



13.63 
13.90 
14.16 
14.43 
14.70 
14.97 
15.23 
15.50 
15.77 
16.03 



16.30 
16.57 
16.84 
17.10 
17.37 
17.64 
17.90 
18.17 
18.44 
18.71 



18.97 
19.24 
19.51 
19.78 
20.04 
20.31 
20.58 
20.84 
21.11 
21.38 



21.65 
21.91 
22.18 
22.45 
22.72 
22.98 
23.25 
23.52 
23.78 
24.05 



24.59 
24.85 
25.12 
25.39 
25.65 
25.92 
26.19 
26.46 
26.72 



Lat. 



^M«. 



15| Deg. 



Lat. 



49.09 
50.05 
51.01 
51.97 
52.94 
53.90 

54. oD 

55.82 
56.78 
Sn.7S 



58.71 
59.67 
66.63 
61.60 

63.52 
64.48 
65.45 
66.41 
67.37 




77.96 
78.92 
79.88 
80.85 
\ 81.81 

82.77 
83.73 
84.70 
85.66 
86.62 



87.58 
88.55 
89.51 
90.47 
91.43 
92.40 
93.36 
94.32 
95.28 
96.25 



Dep 



Dep. 



13.84 
14.11 
14.39 
14.66 
14.93 
15.20 
15.47 
15.74 
16.01 
16.29 



16.56 
16.83 
17.10 
17.37 
17.64 
17.92 
18.19 
18.46 
18.73 
19.00 



19.27 
19.54 
19.82 
20.09 
20.36 
20.63 
20.90 
21.17 
21.44 
21.72 



21.99 
22.26 
22.53 
22.80 
23.07 
23.34 
23.62 
23.89 
24.16 
24.43 



.24.70 
24.97 
25.24 
25.52 
25.79 
26.06 
26.33 
26.60 
26.87 
27.14 



Lat. 



74J Deg. Ij 74J Deg. 






51 
52 
53 

54 
55 
^^ 
S7 
58 
59 
60 



61 
62 
63 
64 
^ 
66 
67 
68 
69 
70 



71 



'- ■« 




76 

rr 

78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



OB 
P 



.^' 



'i«f 



T" 



TRAVERSE TABLE. 



16 Deg. 


16i Deg. j 


16i Deg. j 


16; Deg. ^ 


O 


i 


Lat. 


Dep. 


Lat. 


Dep. 


Lat« 


Dep. 


Lat. 


Dep. 


■\ 


0.96 


0.28 


0.96 


0.28 


0.96 


0.28 


0.96 


0.39 


I 


1.92 


0.55 


1.92 


0.56 


1.92 


0.57 


1.92 


0.56 


5 


' 


2.88 


0.83 


2.88 


0.84 


2.88 


0.85 


2.87 


0.86 


3 




3.8i 


1.10 


3.84 


1.12 


3.84 


1.14 


3.83 


1.15 


4 




4.81 


1.38 


4.80 


1.40 


4.79 


1.42 


4.79 


1.44 


5 




S.77 


1.65 


5.76 


1.68 


S.7S 


1.70 


5.75 


1.73 


6 




6.73 


1.93 


6.72 


1.96 


6.71 


1.99 


6.70 


2.02 


.7 




7.69 


2.21 


7.68 


2.24 


7.67 


2.27 


7.66 


2.31 


8 




8.65 


2.48 


8.64 


2.52 


8.63 


2.56 


8.62 


2.59 


'9 




9.61 


2.76 


9.60 


2.80 


9.59 


2.B4 


9.58 


2.88 


to 

11 




10.57 


3.03 


10.56 


3.08 


10.55 


3.12 


10.53 


3.17 




11.54 


3.31 


11.52 


3.36 


11.51 


3.41 


11.49 


3.46 


12 




12.50 


3.58 


12.48 


3.64 


12.46 


3.69 


12.45 


Z.75 


15 




13.46 


3.86 


13.44 


3.92 


13.42 


3.98 


13.41 


4.03 


14 




14.42 


4.13 


14.40 


4.20 


14.. i8 


4.26 


14.36 
$.32 


4.32 


15 




15.38 


4.41 


15.36 


4.48 


15.34 


4.54 


4.61 


16 




16 34 


4.69 


16.32 


4.76 


16.30 


4.83 


16.28 


4.90 


17 




17.30 


4.96 


17.28 


5.04 


17.26 


5.11 


17.24 


5.19 


18 




18.26 


5.24 


18.24 


5.32 


18.22 


5.40 


18.19 


5.48 


19 




19.23 


5.51 


19 20 


5.60 


19.18 


5.68 


19.15 


5.76 


20 




20.19 


5.79 


20.16 


• 5.88 


20.14 


5.96 


20.11 


6.05 


21 


/ 


21.15 


6.06 


21.12 


6.16 


21.09 


6.25 


21.07 


6.34 


22 




22.11 


6.34 


22.08 


6.44 


22.05 


6.53 


22.02 


6.63 


23 




23.07 


6.62 


23.04 


6.72 


23.01' 


6.82 


22.98 


6.92 


24 




24.03 


6.89 


24.00 


7.00 


23.97 


7.10 


23.94 


7.20 


25 


' 


24.99 


7.17 


24.96 


7.28 


24.93 


7.38 


24.90 


7.49 


26 




25.95 


7.'*4 


25.92 


7.56 


25.89 


7.67 


25.85 


7.7% 


27 




26.92 


7.t2 


26.88 


7.84 


26.85 


7.95 


26.81 


8.07 


28 




27 88 


7.99 


27.84 


8.11 


27.81 


8.24 


27.77 


8.36 


29 




28.84 


8.27 


28.80 


8.39 


28.76 


8.52 


28.73 


8.65 


30 




29.80 


8.54 


29.76 


8.67 


29.72 


8.80 


29.68 


8.93 


31 


30.76 


8.82 


30.72 


8.95 


30.68 


9.09 


30.64 


9.22 


32 




31.72 


9.10 


31.68 


9.23 


31 64 


9.37 


31.60 


9.51 


^ 




32.68 


9.37 


32.64 


9.51 


32.60 


9.66 


32.56 


9.80 


34 




33.64 


9.65 


33.60 


9.79 


33.56 


9.94 


33.51 


10.09 


35 




34.61 


9.92 


34.56 


10.07 


34.52 


10.22 


"34.47 


10.38 


36 




35.57 


10.20 


35.52 


10.35 


35.48 


10.51 


35*43 


10.66 


37 




36.53 


10.47 


36.48 


10.63 


36.44 


10.79 


36.39 


10.95 


38 




37.49 


10.75 


37.44 


10.91 


37.39 


11.08 


37.35 


11.24 


39 




38.45 


11.03 


38.40 


11.19 


38.35 


11.36 


38.30 


11.53 


40 




39.41 


11.30 


39.36 


11.47 


39.31 


11.64 


39.26 


11.82 


41 




40.37 


11.58 


40.32 


11.75 


40.27 


11.93 


40.22 


12.10 


43 




41.33 


11.85 


41.28 


12.03 


41.23 


12.21 


41.18 


12.39 


43 




42.30 


12.13 


42.24 


12.31 


42.19 


12.50 


42.13 


12.68 
12.97 


44 




43.26 


12.40 


43.20 


12.59 


43.15 


12.78 


43.09 


45 




44.22 


12.68 


44.16 


12.87 


44.11 


13.06 


44.05 


13.26 


46 




45.18 


12.95 


45.12 


13.15 


45.06 


13.35 


45.01 
4^.96 


13.55 


A7 




46.14 


13.23 ' 


46.08 


13.43 


46.02 


13.63 


13.83 


48 




47.10 


13.51 


47.04 


13.71 


46,98 


13.192 


46.92 


14.12 


49 




48.06 


13.78 


48.00 


"13.99 


47 .'94 


14.20 


47.88 


14.41 


50 




Dep. 


Lat. 


Dep. Lat. 


Dep. 

\ 


Lat. 


Dep. 


Lat. 1 


• 

... 

1 




74 I 


>eg. 


r3i Deg. 


73i ] 


Deg, 


1 73i 1 


>g. 





TRAVERSE TABLE. 



35 



* 


16 Deg. 1 


16i Deg. 


l^ Deg. 


1 m Deg. 


a 

• 
51 


• 


Lat. 


Dep. 


Lat.. 


Dep. 


Lat. 


Dep. 


Lat. 


D. p. 


51 


49.02 


14.06 


48.96 


14.27 


48.90 


14.48 


48.84 


•14.70 


52 


49.99 


14.33 


49.92 


14.55 


49.86 


14.77 


49.79 


14.99 


52 


53 


50.95 


14,61 


50.88 


14.83 


50.82 


15.05 


50.75 


15.27 


53 


54 


51.91 


14.88 


51*84 


15.11 


51.78 


15.34 


51.71 


15.56 


54 


SS 


52.87 


15.16 


52.80 


15.39 


52.74 


15.62 


52.67 


15.85 


55 


$6 


53.83 


15.44 


53.76 


15.67 


53.69 


15.90 


53.62 


16.14 


56 


sr 


54.79 


15.71 


54.72 


15.95 


54.65 


16.19 


54.58 


16.43 


57 


58 


SS.7S 


15.99 


55.68 


16.23 


55.61 


16.47 


55.54 


16.72 


58 


59 


56.71 


16.26 


56.64 


16.51 


56.57 


16.76 


56.50 


17.00 


59 


60 
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OF 



LOGARITHMS, 



«|fbM 1 TO 10,000. 



Note. The index of the logarithm of every integer 
number consisting of only one figiire is 0, of two 
figures 1, of three figures 2, of four figures 3 ; being 
always a unit less than the number of figures con- 
tained in the integer number. In this table, as is 
generally the case, the index to the logarithm of every 
number above 100 is omitted; yet in the operation 
must be prefixed according to this remark ; so the 
logarithm of 700 is 2,84510, and of 7000 is 3,84510, 
and so of the rest. 
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13418 
13735 
14051 
14364 

14675 
14983 
15290 
15594 
15897 
16197 
16495 
1Q791 
17085 
17377 

17667 
17955 
18241 
18526 
18808 
1C089 
19368 
1964..V 
19921 
20194 



00130 
00561 
00988 
01410 
01828 
02243 
02653 
03060 
03463 
03862 

04258 
04650 
05038 
05423 
05805 
06183 
06558 
06930 
07298 
07664 

08027 
08386 
08743 
09096 
09447 
09795 
10140 
10483 
10823 
11160 

11494 
11826 
12156 
12483 
12808 
13130 
13450 
13767 
14082 
1439 5 

1470^ 
15014 
15320 
15625 
15927 
16227 
16524 
16820 
17114 
17406 

47696 
17984 

d8270 
18554 
18837 
19117 
19396 
19673 
19-48 
2U222 1 



00173 
00604 
01030 
01452 
01870 
02284 
02694 
03100 
03503 
03902 

04297 
04689 
05077 
05461 
05843 
06221 
06595 
06967 
07335 
07700 



i^i«i 



08063 
08422 
08778 
09132 
09482 
09830 
10175 
10517 
10857 
11193 

11528 
11860 
12189 
12516 
12840 
13162 
13481 
13799 
14114 
14426 

14737 
15045 
15351 
15655 
15957 
16256 
16554 
16850 
17143 
17435 

17725 
18013 
18298 
18583 
18865 
19145 
19424 
19700 
19976 
20249 



00217 
00647 
01072 
01494 
01912 
02325 
02735 
03141 
03543 
03941 

I 04336 
04727 
05115 
05500 
05881 
06258 
06633 
07004 
07372 
07737 

' 08099 
08458 
08814 
09167 
09517 
09864 
10209 
10551 
10890 
11227 

11561 
11893 
12222 
12548 
12872 
13194 
13513 
13830 
14145 
14457 

14768 
15076 
15381 
15685 
15987 
16286 
16584 
16879 
17173 
17464 

17754 
18041 
18327 
18611 
18893 
19173 
19451 
19728 
20G03 
20276 



00260 
00689 
01115 
■ 01536 
; 01953 
; 02366 
i 02776 
I 03181 
! 03583* 
. 03981 

04376 
04766 
05154 
1 05538 
I 05918 
06296 
06^70 
07041 
07408 
07773 



08135 
08493 
08849 
09202 
1 09552 
1 09899 
10243 
10585 
10924 
11261 

11594 
11926 
12254 
12581 
12905 
13226 
13545 
13862 
14176 
14489 

ii799 
15106 
15412 
15715 
1^017 
16316 
16613 
16909 
17202 
17493 



17782 
18070 
18355 
18639 
18921 
19201 
19479 
197:^6 
, 20030 
r20503 



00303 
00732 
01157 
01578 
01995 
02407 
02816 
03222 
03623 
04021 



8 



00346 
00775 
01199 
01620 
02036 
02449 
02857 
03262 
03663 
04060 



04415 
04805 
05192 
05576 
05956 
06333 
06707 
07078 
07445 
07809 

08171 
08529 
08884 
09237 
09587 
09934 \ 
10278 
10619 
10958 
\ 11294 

11628 
11959 
12287 
12613 
12937 
13258 
13577 
13893 
14208 
14520 

14829 
15137 
15442 
15746 
16047 
16346 
16643 
16938 
17231 
17522 

17811 
18099 
18384 
18667 
18949 
19229 
19507 
19783 
20058 
i 20330 



04454 
04R/L1 

05231 

05614 

059941 

06371^ 

06744 

07115 

07482 

07846 

08207 
08565 
08920 
09372 
09621 
09968 
10312 
10653 
10992 
11327 

11661 
11992 
12320 
12646 
12969 
13290 
13609 
13925 
14239 
14551 

14860 
15168 
15473 
15776 
16077 
16376 
16673 
16967 
17260 
17551 

17840" 
18127 
18412 
18696 
18977 
19257 
19535 
19811 
20<kS5 
.20358 



00389 
00817 
01242 
01662 
02078 
02490 
02898 
03302 
03703 
04100 

04493 
04883 
05269 
05652 
06032 
06408 
06781 
07151 
07518 
07882 

08243 
08600 
08955 
09307 
09656 
10003 
10346 
10687 
11025 
11361 

11694 
12024 
12352 
^2678 
13001 
13322 
13640 
13956 
14270 
14582 

14891 
15158 
15503 
15806 
16107 
16406 
16702 
16997 
17289 
17580 

17869 
18156' 
18441 
18724 

19005 

19285 

! 19562 

' 19838 

;eoii2, 

I 20385 



94 



Logarithms from 1 to 10,000. 



No. 



161 
162 
163 
164 
165 
166 
167 
168 
169 

TTo 

171 



172 

•> 



17.:* 



174 
175 

176 
177 

irs 

179 
181 

18: 

183 
181- 
185 

1S() 

187 
188 

189 

190 

191 1 

1:2 

l'.\] 
1" • 

j 15\5: 

{1.3! 

j 199 

j Ci^'o 

! 2or 

! 'Ji/8 
21) -J 

''"10 
'J 1.1 

:i4 

215 

:i7 

'JIS 

-:i9 



^ 



20412 
206S3 
2'X)52 
21219 
21484 
21748 
2201 1 
22272 
22531 
22789 

■jr>ilT5 

J »0.?.> 

23805 
24(^)5 

■;4;oj 

-'!.> >1 

21797 
l\5fMt: 

y/5j7 

257(iH 

26WJ7 
262-15 
26-iSJ 
26717 
26951 
27184 
27416 
'?7616 

2/ ^75 

I' • 1 '' 

2^330 
•J.S5.)6 
''8ril0 

J •■'(... 

:■>-.:(■) 

— -' * r» 

»;''1''3 

.u»3:o 
3 .r.>'j 

309o3 
31175 

31597 

3ibi;r; 

3^L3 

3:838 
3301-1 

3.)8'16 
34(}44 



20439 
20710 
20978 
21245 
21511 
21775 
22037 
222<)8 
22557 
22814 

23070 
23325 
23578 
238.^)0 
':40K0 
'2^329 
24576 

?5066 
25310 

2r>5.n 

25792 
2f)0n 
2^269 
26505 
26741 
26975 
27207 
, 27439 
276-^9 

2>'br8 
21-126 
28353 

28H03 
2^'UJG 
29248 
294 c9 
29(i88 
:'9907 

3ul25 
3'j341 
30557 
39771 
30984 
31197 
31408 
31618 

322^ 
324-19 
32654 
32858 
33063 
5326-1 
33-165 
33 (^d 

.> u"iOi» 

J 34u64 



20466 
20737 
21005 
21272 
21537 
21801 
22063 
22324 
22583 
22840 

23096 
23.550 
23603 
23855 
24105 
24353 
24601 
24846 
25091 
2.».>.>4 

25J7S 
25816 
J6055 
26293 
26529 
26764 

2r^9y8 

27231 
27462 
27692 

27921 
28149 
28375 
28601 
28825 
290-18 
29270 
29491 
29710 
29929 

30I46 
30363 
30578 
30792 

31006 
31218 

31429 



31639 
31843 
32056 

32:63 

32469 

j 32675 

I 32879 
I --^ ^f ---.■> 

1 . ■ 'O^'-v 



3 


4 


20493 
20763 
21032 
21299 
21564 
21827 
22089 
22350 
22608 
22866 


20520 
20790 
21059 
21325 
21590 
21854 
22115 
22376 
22634 
22891 


23121 
23376 
23629 
23880 
24130 
24378 
24025 
24871 
251; 5 
25358 

2561XJ 
25840 
20079 
26316 
26553 
26788 
27021 
27254 
27485 
27715 


23147 
23401 
23654 
23905 
24155 
24403 
24650 
24895 
25139 
25382 

25624 
25864 
26102 
26340 
26576 
26811 
27045 
27277 
27508 
27738 


27944 
28171 

28398 
23623 
28847 
29070 
29292 
29513 
29732 
29951 

30iu8 

3038^1 
30600 


27967 
28194 
28421 
28646 
28870 
29092 
29314 
29535 
29754 
ic9973 

30190 
30406 

30621 



5l>S14 
31027 
31239 
31450 
31660 
318G9 
32077 

32284- 
324^X1 
32695 
32<:'r.9 
3*102' 



: r 



33686 

* kJ 5 00,1 

34084 



06 



• Jv>0 

33/05 
33905 
34104 



30835 
31048 
31260 
31471 
31681 
31890 
32098 

32305 
32510 
32715 
52919 

33122 
^>b325 
Cy3526 
00^26 

34124 



2iS548 
20817 
21085 
21352 
21617 
21880 
22141 
22401 
22660 
22917 

23172 
23426 
23679 
23930 
24180 
24428 
24674 
24920 
25164 
25406 

25648 
25888 
26126 
26364 
26600 
26834 
27068 
27300 
27531 
27761 

27989 
28217 
28443 
28668 
28892 
29115 
29336 
29557 
29776 
29994 



30211 
30428 
30643 
30856 
31069 
)31281 
31492 
31702 
31911 
32118 

32325 

32531 

32736' 

32940 

33143 

r« rt o j« M 

33546 
33746 
33945 
34143 



20575 
20844 
21112 
21378 
21643 
21906 
22167 
22427 
22686 
22943 

23198 
23452 
23704 
23955 
24204 
24452 
24699 
24944 
25188 
25431 

25072 
25912 
26150 
26387 
26623 
26858 
27091 
27323 
27554 
27784 



28012 
28240 
28466 
28691 
28914 
29137 
29358 
29579 
29798 
30016 

30233 
30449 
30664 
30878 
31091 
31302 
31513 
31723 
31931 
32139 

32346 
32552 
32756 
32960 
33163 

oooOO 

33566 



8 



20871 

21139 

31405 

21669 

21932 

221 <>4 

22453 

22712 

22968 



2OG29l20&5f 

20898 20SSS 
21165 21193 
2143l|2!l459 
2X696 2im 



23223 
23477 
23729 
23980 
24239 
24477 
24724 
24969 
25212 
25455 

25696 
25935 
26174 
26411 
26647 
26881 
57114 
27346 
^S77 
27807 

28035 

28262 

28488 

28713 

28937 

29159 

29380 

29601 

29820 

30038 



21985 

W46I 

325051 

23r63| 

23ai9f 



21958 
22220 
22479 
22737 
22994 

23249(2^ 
23502123528 
23754 
124005 
24254 
24502 



23779 
34030 
24379 
24527 
24748124773 



24993 
25237 
25479 



30255 
30471 
30685 
30899 

:?i ;i2 

31523 
31534 
31744 
31952 
32160 



33766 

33965 
34165 



32366 
32572 
^2777 
32980 
33183 
33385 
33586 
.3786 
33985 
34183 



25720 

25959 

26198 

26435 

26670 

2690S 

27138 

27370 

27600 

27830 

28058 
28285 
28511 
28735 
28959 
29181 
29403 
29623 
29842 
30060 

30276 
30492 
30707 
30920 
31133 
31345 
31555 
31765 
31973 
32181 



35U6 
25261 
25503 



25744 

35988 

26321 

26458 

26694 

26928 

27161 

27393 

27623 

27852 



32387 
32593 
32797 
33001 



280B1 
28307 
28533 
28758 
38981 
39303 
29425 
39645 
2S863 
30081 

30298 
30514 
30738 
30942 
31154 
31366 
31576 
31785 
31994 
32201 



5320. 



334051 
33606 
133806; 
34005 ; 
342031 



33408 

326131 

32818 

33021 

33334 

33425 

33626 

33826 

34025 

34223 



Logaritlims from 1 to l0,000. 



95 



No. 





1 

1- 


2 


3 


4 


5 


6 ^ 


7 


8 


9 


220 


54242 


34262 


34282 


34301 


34321 


34341 


34361 


34380 


34400 


34420 


221 


34439 


34459 


34479 


34498 


34518 


34537 


34557 


34577 


34596 


34616 


222 


34635 


34655 


34674 


34694 


34713 


34733 


34753 


34772 


34792 


34811 


223 


34830 


34850 


34869 


34889 


34908 


34928 


34947 


34967 


34986 


35005 


224 


35025 


35044 


35064 


35083 


35102 


35122 


35141 


35160 


35180 


35199 


225 


35218 


35238 


35257 


35276 


35295 


35315 


35334 


35353 


35372 


:^5392 


226 


35411 


35430 


3544.9 


35468 


35488 


35507 


35526 


35545 


35564 


35583 


22^ 


35)503 


35622 


35641 


35660 


35679 


35698 


35717 


35736 


35755 


35774 


228 


35793 


35813 


35832 


35851 


35870 


35889 


35908 


35927 


35946 


35965* 


229 


35984 
36173 


36003 


36t521 


36040 


36059 


36078 
36267 


•36097 


36116 
36305 


36135 


36154 
36342 


230 


36192 


36211 


36229 


36248 


36286 


36324 


231 


36361 


36380 


36399 


36418 


36436 


36455 


36474 


36493 


36511 


36530 


232 


36549 


36^68 


36586 


36605 


36624 


36642 


36661 


36680 


36698 


36717 


233 


36736 


36754 


36773 


36791 


36810 


36829 


36847 


36866 


36884 


36903 


234 


36922 


3694D 


36959 


36977 


36996 


37014 


37033 


37051 


37070 


37088 


235 


37107 


37125 


37144 


37162 


37181 


37199 


37218 


37236 


37254 


37273 


236 


37291 


37310 


37328 


37346 


37365 


37383 


S7401 


37420 


37438 


37457 


237 


37475 


37493 


37511 


37530 


37548 


37566 


37585 


37603 


37621 


37639 


238 


37658 


37676 


37694 


37712 


37731 


37749 


37767 


37785 


37803 


37822 


239 


37840 
38021 


37858 


37876 


37894 


37912 
38093 


37931 


37949 
38130 


37967 


37985 


38003 
38184 


240 


38039 


38057 


38075 


38112 


38148 


38166 


241/ 


38202 


38220 


38238 


38256 


38274 


38292 


38310 


38328 


38346 


38364 


242 


38382 


38399 


38417 


38435 


38453 


38471 


38489 


3S507 


38525 


38543 


243 


.38561 


38578 


38596 


38614 


38632 


38650 


38668 


38686 


38703 


38721 


244 


38739 


30757 


38775 


38792 


38810 


38828 


38846 


38863 


38881 


38899 


245 


38917 


38934 


38952 


38970 


38987 


39005 


39023 


39041 


39058 


39076 


246 


39094 


39111 


39129 


39146 


39164 


39182 


39199 


39217 


39235 


39252 


247 


39270 


39287 


39305 


39322 


39340 


39358 


39375 


39393 


39410 


39428 


248 


39445 


39463 


39480 


39498 


39515 


39533 


39550 


39568 


^39585 


39602 


249 


39620 


39637 
39811 


39655 

39829 


39672 


39690 
39863 


39707 


39724 


39742 


39759 


39777 
39950 


250 


39794 


39846 


39881 


39898 


39915 


39933 


251 


39967 


39985 


40002 


40019 


40037 


40054 


40071 


40088 


40106 


40123 


252 


40140 


40157 


40175 


40192 


40209 


40226 


40243 


40261 


40278 


40295 


253 


40312 


40329 


40346 


40364 


40381 


40398 


40415 


40432 


40449 


40466 


254 


40483 


40500 


40518 


40535 


40552 


40569 


40586 


40603 


40620- 


40637 


255 


40654 


40671 


40688 


40705 


40722 


40739 


40755 


40773 


40790 


40807 


256 


40824 


40841 


40858 


40875 


40892 


40909 


40926 


40943 


40960 


40976 


257 


40993 


41010 


41027 


41044 


41061 


41078 


41095 


41111 


4112S 


41145 


258 


41162 


41179 


41196 


41212 


41229 


41246 


41263 


41280 


41296 


41313 


259 


41S30 
41497 


41347 


41363 


41380 
41547 


41397 


41414 
41581 


41430 
41597 


41447 


41464 


41481 


260 


41514 


41531 


41564 


41614 


41631 


41647 


261 


41664 41681 


41697 


41714 


41731 


41747 


41764 


41780 


41797 


41814 


262 


41d30 41847 


41863 


41880 


41896 


41913 


41929 


41946 


41963 


41979 


263 


41996 


42012 


42029 


42045 


42062 


42078 


42095 


42111 


42127 


42144 


264 


42160 


42177 


42193 


42210 


42226 


42243 


42259 


42275 


42292 


42308 


265 


42325 


42341 


42357 


42374 


42390 


42406 


42423 


42439 


42455 ' 42472 | 


266 J 


42488 


42504 


42521 


42537 


42553 


.42570 


42586 


42602 


42619 


42635 


267 i 


42651 


42667 


42684 


42700 


42716 


42732 


42749 


42765 


42781 


42797 


268 


42813 


42830 


42846 


42862 


42878 


42894 


42911 


42927 


42943 


42959 


269 


42975 
43136 


42991 
43152 


43008 


43024 
43185 


43040 


43056 
43217 


43072 
43233 


43088 


43104 
43265 


43120 
43281 


270 


43169 


4:^201 


43249 


,271 


43297 


43313 


43329 


43345 


43361 


43377 


43393 


43409 


43425 


43441 


272 


43457 


43473 


43489 


43505 


43521 


43537 


43553 


43569 


43584 


43600 


273 


43616 


43632 


43648. 


43664 


43680 


43696 


43712 


43727 


43743 


43759 


274 


43775 


43791 


4 {807 


43823 


43838 


43854 


43870 


43886 


43902 


45917 


275 


439313 


43949 


43965 


43981 


43996 


44012 


44028 


44044 


44059 


44075 


276 


44091 


44107 


44122 


44138 


44154 


44170 


44185 


44:oi 


44217 


44232 


277 


44248 


44264 


44279 


44295 


44311 


44326 


44342 


44358 


44373 


44389 


278 


4440*4 


44420 


44436 44451 


44467 


44483 


44498 


44514 


44529 


44545 


279 


44560 J 


44576 


44592 44607 


44623 


44638 


44654 


44669 


44685 


44700 



96 



Logarithms from 1 to lO^OOO. 



No. 

•?HJ 
'JH\ 
283 

284 
285 
28^1 
287 
288 

:m 

290 
291 

292 
2<)3 
294 
293 
296 

29r 

2^>8 
\ 299 

:-oi 
:■{)•: 

,;i()4 

."506 

[307 

308 

' ro9 

^0 
:51l 
.^!2 
.313 
rU4 
MS 

:a6 

318 
r329 

320 
321 

323 
'324 
325 
326 
327 
328 
329 

'^32 
334 

OOO 

o ti«y 



lO 






..">• 



44716 
'14871 
4A025 
45179 
453:^2 
45484 
45637 
45788 
45939 
46090 



4^240 
46.89 
46538 
46(S87 
46835 
46982 
47129 
47276 
47422 
47567 



irr 12 

47857 
48i;01 
•18144 
48287 
484">0 
48572 
48714 
4K8;)5 

40276 
49415 

4'.>5.-)4 
49693 
49831 
41-969 
5U106 
50243 
50379 

50515 
50651 
50786 
50920 
51055 
51188 
51322 
51455 
51587 
51720 

51851 
51983 

52114 
52244 
5^1375 
52504 
52634 
5276;, 
52892 
53020 






44 

44886 
45040 
45194 

45347 
455<iO 
45652 
45803 
45i;:i4 
46105 

4o253 
46404 
46553 

46702 
4<")850 
I6i*97 
47144 
47290 
47436 
47.>_H2 

•li . / 

47r.7'l 

48015 

48159 

48302 

48444 

48586 

48728 

488G9 

49010 

VjiTo 

4y2<)0 
49429 
49563 
49707 
49845 
49982 
50120 
50256 
50:>^)3 

505"29 
50664 
50799 
50934 
$1068 
,51202 
51335 
51468 
51601 
51733 
51865 
51996 
52127 
52257 
52383 
52517 
52647 
52776 
52905 
53033 



44747 
44902 
45056 
45209 
45362 
45515 
45667 
45818 
45969 
46120 

.S32r'u 

46419 
46568 
46716 
46864 
47012 
47159 
47305 
47451 
47596 

47741 
47885 
48029 
48173 
48316 
48458 
48601 
4^742 
48883 
49(>24 

49164 
49304 
49443 
49582 
49721 
4:'859 
49996 
50133 
50270 
50406 

50542 
50678 
50813 
50947 
51081 
51215 
51348 
51481 
51614 
51746 

51878 
52009 
52140 
52270 
52401 
52530 
52660 
52789 
52917 
53046 



44762 
44917 
45071 
45225 
45378 
4.5530 
45682 
■4S834 
45984 
46135 

46285 
46434 
46583 
46731 
46879 
47026 
47173 
47319 
47465 
4 7611 

4r756 
47900 
48044 
48187 
48330 
48^173 
48615 
4^5756 
48897 
49038 

49178 
49318 
49457 
49596 
49734 
49S72 
50010 
50147 
50284 
50420 

505j6 
50691 
50826 
50961 
51095 
51228 
51362 
51495 
51627 
51759 

51891 
52022 
52153 
52284 
52414 
52543 
52673 
52802 
52930 
53058 



44778 
44933 
45086 
45240 
45393 
45545 
45697 
458*19 
46000 
46150 

46300 
46449 
46598 
46746 
46894 
47';41 
47188 
47334 
47480 
47625 

47770 
47914 
48058 
48202 
48344 
48487 
48629 
48770 
48911 
4905_2 

49U]2 
49332 
49471 
49610 
49748 
49886 
50024 
50161 
50297 
5C;433 

50561) 
50705 
50840 
50974 
51108 
51242 
51375 
51508 
51640 
5177^2 

51904 
52035 
52166 
52297 
52427 
52556 
52686 
52815 
52943 
53071 



44793 
44948 
45102 
45255 
45408 
45561 
45712 
458^4 
46015 
46165 

46^15 

46464 
46613 
46761 
46909 
47U56 
47202 
47349 
47494 
4764 

47784. 
47929 
48073 
48216 
4a359 
48501 
48643 
48785 
48926 
490C6 

49206 
49346 
49485 
49624 
*49762 
49900 
50037 
50174 
50311 
50447 

50583 

50718 

50S53 

50987 

51121 

51255 

51388 , 

51521 

51654 

51786 

51917 

52048 

5217a 

52310 

52440 

52569 

52699 

52827 

53956 

53084 



44809 

44963 

45117 

45271 

45423 

45576 

45728 

45879 

46u*0 

46180 

46330 
46479 
46627 
46776 
46923 
47070 
47217 
47363 
47509 
47654 



8 



44824 
44979 
45133 
45286 
45439 
45591 
45743 



47799 
47943 
48087 
48230 
48373 
48515 
48657 
48799 
48940 
49080 

49220 
49360 
49499 
4963S 
49776 
49P14 
50051 
50188 
50 ^ 5 
50461 

50596 
50732 
50866 
51001 
51135 
51268 
51402 
51534 
51667 
51^99 



46045 
46195 

46345 

46494 

46642 

46790 

46938 

47085 

47232 

47378 1 

47524 1 

47669 



44340 
44994 
45148 
45301 
45454 



9 

45010 
4516 
45317 
45469 



45605(45631 
45758 45773 
45909145924 
46O60 
46210 

4635§ 
46509 
46657 
46805 
46953 146967 
47100 47114 
47246 47^ 
47392 47407 




51930 

52061 

52192 ' 

^23 

52453 ' 

52582 

52711 

52840 

52969 

53097' 



47813 
47958 
48101 
48244 
48387 
48530 
48671 
48813 
48954 
49094 

49234 

49374 

49513 

49651 

49790 

49927 

50u65 

50202 

50338 

5047 4 

•50610 
50745 I 
50880 
51014 
51148 
51282 
51415! 
51548 • 
51680 1 

51812 : 

51943 ! 

52075 I 

52205 

52336 

52466 

52595 

52724 

52853 

52982: 

53110 



47538 47553 
47683 tffi98 

47828 4784S 
47972 4798IS 
48116 4SI30 
48259 48273 
4S401 / 48416 
48544 48SS& 
48686 48700 
48827148841 

48968 

49108 



49248 
49388 
49527 
49665 
49803 
49941 
50079 
50215 
50352 
50488 

50623 
50759 
50893 
51028 
51162 
51295 
51428 
51561 
51693 
51825 

5r957 

52088 
52218 
52349 
52479 
52608 
5^37 
52866 
52994 
53122 



48982 
49122 

49262 
49402 
49541 
49679 
49817 
49955 
50092 
50229 
50365 
5Q5Q1 

50637 
50772 
50907 
51041 
51175 
51308 
51441 
51574 
51706 
51838 

51970 
5r;101 
52231 
52362 
52492 
52621 
52750 
52879 
53007 
53135 



LogarkhiQs from, 1 to 10,OQO. 



9' 



No. 





1 


2 


3 


4 


5 


6 


" 7 


8 


9 


340 


53148 


sii6i 


53173 


53186 


53199 


53212 


53224 


53237 


53250 


53263 


341 


SS27S 


53288 


53301 


53314 


53326 


53339 


53352 


53364 


53377 


53390 


342 


53403 


53415 


53428 


53441 


53453 


53466 


53479 


53491 


53504 


53517 


343 


53529 


53542 


53555 


53567 


53580 


53593 


53605 


53618 


53631 


53643 


'144. 


53656 


53668 


53681 


53694 


53706 


53719 


53732 


53744 


52757 


53769 


345 


53782 


53794 


53807 


53mo 


53832 
5395B 


53845 


53857 


53870 


53882 


53895 


346 


53908 


53920 


53933 


53945 


53970 


53983 


53995 


54008 


54020 


347 


54033 


54045 


54058 


54070- 


54083 


54095 


54103 


54120 


54133 


54145 


348 


54158 


54170 


54183 


54195 


54208 


54220 


54233 


54245 


54258 


54370 


349 


54282 


54295 
54419 


54307 
54432 


54320 


54332 
54456 


54345 


54357 


54370 


54382 


54394 


350 


54407 


54444 


54469 


54481 


'54494 


54506 


54518 


351 


f 54531 


54543 


54555 


54568 


54580 


54593 


54605 


54617 


54630 


54642 


352 


54654 


54667 


54679 


54691 


54704 


54716 


54728 


54741 


54753 


54765 


353 


54777 


54790 


54802 


54814 


54827 


54839 


54851 


54863 


54876 


54888 


354 


54900 


54913 


54925 


54937 


54949 


54962 


54974 


54986 


54998 


•55011 


355 


55023 


55035 


55047 


55059 


55072 


55084 


55096 


55108 


55121 


55133 


356 


55US. 


55157 


55169 


55182 


55194 


55206 


55218 


55230 


55242 


55255 


357 


55267 


55279 


55291 


55303 


55315 


55328 


55340 


55352 


55364 


55376 


358 


55388 


55400 


55413 


55425 


55437 


55449 


55461 


55473 


554S5 


55497 


359 


55509 
55630 


55522 


55534 
55654 


5554& 


55558 
55678 


55570 


55582 


55594 


55606 


55618 


360 


55642 


55666 


55690 


55703 


55715 


55727 


55739 


361 


557 51 


55763 


55775 


S37S7 


55799 


55811 


55823 


55835 


55847 


55859 


362 


55871 


55883 


55895 


55907 


55919 


55931 


55943 


55955 


55967 


55979 


363 


55991 


56003 


56015 


56027 


56039 


56050 


56062 


56074 


56086 


56098 


364 


56110 


56122 


56134 


56146 


56158 


56170 


56182 


56194 


56205 


56217 


1^65 


56229 


56241 


56253 


56265 


56277 


56289 


56301 


56312 


56324 


56336 


366 


56348 


56360 


56372 


56384 


56395 


56407 


56419 


56431 


56443 


56455 


367 


56467 


56478 


56490 


56502 


56514 


56526 


56538 


56549 


56561 


56573 


368 


S6SSS 


56597 


56608 


56620 


56632 


56644 


56656 


56667 


56679 


56691 


369 


56703 


56714 


56726 


56738 


56750 
56867 


56761 


56773 


56785 


56797 


56808 


370 


56820 


56832 


56844 


56855 


56879 


56890 


56902 


56914 


56926 


371 


56937 


56949 


56961 


56972 


56984 


56996 


57008 


57019 


57031 


57043 


372 


57054 


57066 


57078 


57089 


57101 


57113 


57124 


57136 


57148 


57159 


373 


57171 


57182 


57194 


57206 


57217 57229 


57241 


57252 


57264 


57276 


374 


57287 


57299 


57310 


57322 


57334 573'i5 


57357 


57368 


.57380 


57392 


37S 


57403 


57415 


57426 


57438 


57449 57461 


57473 


57484 


57496 


57507 


376 


57519 


57530 


57542 


57553 


57565 57576 


57588 


57600 


57611 


57623 


377 


57634 


57646 


57657 


57669 


57680 57692 


57703 


57715 


1 57726 


57738 


378 


57749 


57761 


5777^ 


57784 


57795 57807 


57818 


57829 


57841 


57852 


'379 


57864 


57875 
'57990 


.57887 


57898 


57910 
58024J 


579^1 


57933 


57944 


57955 
58070 


57967 


380 


57978 


58001 


58013 


58035 


58047 


58058 


58081 


381 


58092 


58104 


58115 


58127 


58138 i 58149 1 


58161 


58172 


58184 


58195 


382 


58206 


58218 


58229 


58240 58252 


58263 


58274 


58286 


58297 


58309 


383 


58320 


58331 


58343 


58354 


58365 


58377 


58388 


58399 


58410 


58422 


384 


58433 


58444 


58456 


58467 


58478 


58490 


58501 


58512 


58523 


58535 


385 


53546 


58557 


58569 


5&580 


58591 


58602 


58614 


58625 


58636 


58647 


386 


58659 


58670 


58681 


58692 58704 


58715 


58726 


58737 


58749 


58760 


387 


58771 


58782 


58793 


58805 


58816 


58827 


58838 


58850 


58861 


58872 


388 


58883 


58894 


58906 


58917 


58928 


58939 


58950 


58961 


58973 


58984 


389 
390 


58995 
591^.> 


59006 
59118 


59017 


59028 


59040 


59051 


59062 


59073 


59084 


59095 


59129 


59140 


59151 


59162 


5917S 


59184 


59195 


59207^ 


391 


59218 


59229 


59240 


59251 


5G262 


59273 


59284 


59295 


59306 


59317 


392 


59329 


59340 


59351 


59362 


59373 


59384 


59395 


59406 


59417 


59428 


393 


59439 


59450 


59461 


59472 


59483 


59494 


59505 


59517 


59528 


59539 


394 


59550 


59561 


59572 


59583, 


59594 


59605 


59616 


59627 


59638 


59649 


395 


59660 


59671 


59682 


59693 


59704 


59715 


59726 


59737 


59748 


59759 


396 


59769 


59780 


59791 


598(^2 ; 59813 


59824 


59835 


59846 


59a57 


59868 


397 


59879 


59890 


59901 


59912 59923 


59934 


59945 


59956 


59966 


59977 


398 


59988 


59999 


60010 


60021 60032 


60043 


60054 


60065 


60076 


60086 


399 1 600971 


60108 { 60119 1 


60130 60141 


60152 


60162^60173 


60184 


60195 



N 



i 



Logarithms from 1 to 10,000. 



tf* 



}3 
05 



8SSS 



603U 
60423 
60530 
60638 

^I60a53 

^161066 
g ■ 61172 

, 61278 
^ ; 61384 
3 1 61490 
3 61595 
♦ 1 61700 
^ ' 61805 
61909 
62014 
62118 
62221 




60336 
60444 
60552 
60660 
60767 
60B74 
60981 
61087 
61194 



f20 
.21 

f22 



6i>32.5 
62428 
, 62531 
•23152634 
^24 62737 



k25 
126 
^27 

L28 
^ 

130 

k3i 

132 
133 
134 
135 
136 
437 
438 
439 



62839 
62941 
63043 
63144 
63246 

63347 
63448 
63548 
63649 
63749 
63849 
63949 
64048 
64147 
64246 



61395 
61500 
61605 
61710 
61815 
61930 
162034 
62128 
62232 

162335 
62438 
62541 
62644 

.62747 
62849 
62951 

I 63053 
63154 
63256 



163357 
163458 
63558 
63659 
63759 
63859 
63959 
64058 
64157 
64256 



5T305 
61405 
61511 
61616 
61721 
61826 
61930 
62034 
62138 
62242 



440 64345 

441 64444 
442 1 64542 
443 
444 
445 
446 
447 
448 
449 



64640 
64738 
64836 
64933 
65031 
65128 
65225 



450 65321 
451 1 65418 
452 • 65514 



453 
454 



65610 
65706 



455 ; 65801 
456 1 65896 
457 ' 65992 
,4>8 ; 660S6 
[459 166181 



64355 
64454 
64552 
64650 
64748 
64846 
64943 
65040 
6jl37 
65234 



62346 
62449 
62552 
62655 
62757 
62859 
62961 
63063 
63165 
63366 

63387 
63468 
63568 
63669 
63769 
63869 
63969 
64068 
64167 
64266 



60239 
60347 
60455 
60563 
60670 
^60778 
60885 
60991 
61098 
61204 

61310 

61416 

: 61521 

'61627 

i 61731 

161836 

61941 

'63045 

62149 

62252 

^35S 



60249 
60358 
60466 
60574 
60661 
60788 
60895 
61002 
61109 
61215 



6 



61321 
61426 
61532 
61637 
61742 
61847 
61951 
62055 
62159 
69263 



60260 
60369 
60477 
60584 
60692 
60799 
60906 
61013 
61119 
61225 

61331 
61437 
61542 
61648 
61752 
61857 
61961 
62066 
62169 
62273 



' 62459 
. 62562 
162665 
62767 
62B69 
62971 
63073 
63175 
63276 

63377 
63478 
63578 
63679 
63779 
63879 
63978 
64078 
64177 
64276 



60371 

60379 

60487 

60595 

60703 

60810 

60917. 

61023 

61130 

61236 

61342 
61447 
61553 
61658 
61763 
61868 
61972 
62076 
62180 
62383 



65J31 
65427 
65523 
65619 
65715 
65811 
65906 
66001 
66096 
66191 



64365 
64464 
64562 
64660 
64758 
64856 
64953 
65050 
65147 
65244 



64J75 
64473 
64572 
64670 
64768 
64865 
64963 
65060 
65157 
65254 



65341) 
65437 
65533 
65629 
65725 
1*6^820 
65915 

66011 ; 

66105 I 
66200 i 



65350 
65446 
65543 
65639 
65734 
65830 
65925 
66020 
66115 
66210 



6:j366 
62469 
62572 
62675 
62778 
62880 
62982 
63083 
63185 
63286 

63387 
63488 
63589 
63689 
6378.; 
63889 
63988 
64088 
64187 
64286 

64385 

64581 
64680 
64777 
64875 
64972 
65070 
65167 
65263 

65360 
65456 
65552 
65648 
65744 
65839 
65935 
66030 
66124 
66219 



62377 

62480} 

625831 

62685 I 

62788 

62890 

62992 

63094 

631951 

63296 

63397 

63498" 

63599 

63699: 

63799! 

63899' 

639981 

64098; 

64197 
64296 



64395 
64493 
64591 
64689 
64787 
64885 
64982 
65079 
65176 
65273 



62387 
62490 
62593 
62696 
63798 
62900 
63002 
63104 
63205 
63306 

63407 
63508 
63609 
63709 
63809 
63909 
63008 
64108 
6it?07 
64v306 



65369 
65466 
65562 
65658 
65753 
65849 
65944 
66039 
66134 
66229 



60390 
60498 
60606 
60713 
60620 



64404 
64503 
64601 
64699 
64797 
64894 
64992 
65089 
65186 
65283 



6^79 
65475 
65571 
65667 
65763 
65858 
65954 
66049 
66143 
66238 



61034 
61140 
61247 

61552 
61458 
61563 
61669 
61773 
61878 
61982 
62086 
63190 
63294 



8 9 

fi^^ 6Sm 
60401. 60413 
60509 60539 
60617 60627 
60734 60733 
60831 60842 
6093860949 
61045; 61055 
61151 i6U62 
61257 ^ 61368 



6 1 363 61374 
61469 ! 61479 
61574 ♦ 61584 
61679 j 61689 
61784! 61794 
61888 r 61899 
61993162003 
62097(62107 
62201 62211 
62304*62315 



62397 62408 1 62418 
62500" 62511 62521 
62603 6l613 62624 
62706 63716 62726 
62808.62818/6^829 
63^10 i 62921 1 62931 1 
63012(63022/630331 
63114 631341 63134 
63215163225*63236 
63316 ! 63327 63337 



63417 
63518 
63619 
63719 
63819 
63919 
64018 
64118 
U217 
64316 

64414 
64513 
64611 
64709 
64807 
64904 
65002 
65099 
65196 
65292 

65389 

65485 

65581 

65677 

65772 

65868 i 

65963' 

66058' 

66153 

66247 . 



'63428 
63528 
63629 
63729 
63829 
63929 
64028 
64128 
64227 
64325 



64424 
64523 
64621 
64719 
64816 
64914 
65011 
65108 
65205 
65302 



i^ W ■*■ 



65398 

65495 

65591 

65686 

65782 

65877 

65973 

660681 

66162 '66172 

66257166266 



63438 
63538 
63639 
63739 
63839 
63939 
64038 
64137 
64237 
64335 



64434 
^4532 
6^1 
64728 
64826 
64924 
65021 
65118 
65215 
65312 

65408 
65504 
65600 
65696 
65793 
658^ 
65982 
66077 , 



r 





« 


Logarithms 


fttmi 1 to 10,000. 




99 


No. 





1 


2 3 


4 


5 


6 


7 


8 


9 


460 


66276 


66285 


6^295 


66304 


66314 


663^ 


6A4S? 


6i3ii 


^1A1 


66361 


461 


66370 


66380 


66389 


66398 


66408 


66417 


66427 


66436 


66445 


66455 


462 


66464 


66474 


66483 


66492 


66502 


66511 


66521 


66530 


66539 


66549 


463 


66558 


66567 


66577 


66586 


66596 


66605 


66614 


66624 


66633 


^642 


464 


G6652 


66661 


66670 


66680 


66689 


66699 


66708 


66717 


66727 


66736 


465 


66745 


66755 


66764 


66773 


66783 


66792 


66801 


66811 


66820 


66829 


466 


66839 


66848 


66857 


66866 


66876 


66885 


66894 


66904 


66913 


66922 


467 


66932 


66941 


66950 


66960 


66969 


66978 


66987 


66997 


67006 


67015 


468 


67025 


67034 


67043 


67052 


67062 


67071 


67080 


07089 


67099 


67108 


469 


67117 


67127 


67136 


67145 


67154 


67164 


67173 
67265 


67182 


67191 


67201 


470 


67210 


67219 


67228 


67237 


67247 


67256 


67it4 


67284 


67293 


471 


67302 


67311 


67321 


67330 


67339 


67348 


67357 


67367 


67376 


67385 


472 


67394 


67403 


67413 


67422 


67431 


67440 


67449 


67459 


67468 


67477 


473 


67486 


67495 


67504 


67514 


67523 


67532 


67541 


67550 


67559 


67569 


474 


67578 


67587 


67596 


67605 


67614 


67624 


67633 


67642 


67651 


67660 


475 


67669 


67679 


67688 


67697 


67706 


67715 


67724 


67733 


67742 


67752 


476 


67761 


67770 


67779 


67788 


67797 


67806 


67815 


67825 


67834 


67843 


477 


67852 


67861 


67870 


67879 


67888 


67897 


67906 


67916 


67925 


67934 


478 


67943 


67952 


67961 


67970 


67979 


67^88 


67997 


68006 


68015 


68024 


479 


68034 


68043 


68052 


68061 
68151 


68070 
68160 


68079 


68088 
68178 


68097 


68106 


68115 


480 


68124 


68133 


68142 


68169 


68187 


68196 


68205 


481 


68215 


68224 


68233 


68242 


68251 


68260 


68269 


68278 


68287 


68296 


482 


68305 


68314 


68323 


68332 


68341 


68350 


68359 


68368 


68377 


68386 


483 


68395 


68404 


68413 


68422 


68431 


68440 


68449 


6^458 


68467 


68476 


4V4 


68485 


68494 


68502 


68511 


68520 


68529 


68538 


68547 


68556 


68565 


485 


68574 


68583 


68592 


68601 


68610 


68619 


68628 


68637 


68646 


68655 


486 


68664 


68673 


68681 


68690 


68699 


68708 


68717 


68726 


68735 


68744 


487 


68753 


68762 


68771 


68780 


68789 


68797 


68806 


68815 


68824 


68833 


488 


68842 


68851 


68860 


68869 


68878 


68886 


68895 


68904 


68913 


68922 


489 


68931 


68940 


68949 


68957 
69046 


68966 


68975 


68984 


68993 


69002 


69011 


490 


69020 


69028 


69037 


69055 


69064 


69073 


69082 


69090 


69099 


491 


69108 


69117 


69126 


69135 


69143 


69152 


69161 


69170 


69179 


69188 


492 


69197 


69205 


69214 


69223 


69232 


69241 


69249 


69258 


69267 


69276 


493 


69285 


69293 


69302 


69311 


69320 


69329 


69938 


69346 


69355 


69354 


494 


69373 


69381 


69390 


69399 


69408 


69417 


69425 


69434 


69443 


69452 


495 


69461 


69469 


69478 


69487 


69496 


69504 


69513 


69522 


69531 


69539 


496 


69548 


69557 


69566 


69574 


69583 


69592 


69601 
69688 


69609 


69618 


69627 


497 


69636 


69644 


69653 


69662 


69671 


69679 


69697 


69705 


69714 


498 


69723 


69732 


69740 


69749 


69758 


'69766 


69275 


69784 


69793 


69801 


499 


69810 


69819 


69827 


69836 


69845 


69854 


698e^ 


69871 


69880 


69888 


500 


69897 


69906 


69914 


69923 


69933 


69940 


69949 


69958 


69966 


69975 


501 


69934 


69992 


70001 


70010 


70018 


70027 


70036 


70044 


70053 


70062 


502 


70070 


70079 


70088 


70096 


70105 


70114 


70122 


70131 


70140 


70148 


50S 


70157 


70165 


70174 


70183 


70191 


70200 


70209 


70217 


70226 


70234 


504 


70243 


70252 


70260 


70269 


70277 


70286 


702M; 
70381 


70303 


70312 


70321 


505 


70329 


70338 


70346 


70355 


70364 


70372 


70389 


70398 


70406 


506 


70415 


70424 


70432 


70441 


70449 


70458 


70466 


70475 


70484 


70492 


507 


70501 


70509 


70518 


70526 


70535 


70544 


^^0552 


70561 


70569 


70578 


508 


70586 


70595 


70603 


70612 


70621 


70629 


70638 


70646 


70655 


70663 


509 
510 


70672 


70680 


70689 


70697 


70706 


70714 


70723 


70731 


70740 


70748 


70757 


70766 


70774 


70783 


70791 


70800 


70808 


70817 


70825 


70834 


511 


70842 


70851 


70859 


70668 


70876 


70885 


70893 


70902 


70910 


70918 


512 


70927 


70935 


70944 


70952 


70961 


70969 


70978 


70986 


70995 


71003 


513 


71012 


71020 


71029 


71037 


71046 


71054 


71062 


71071 


71079 


71088 


514 


71096 


71105 


71113 


71122 


71130 


71139 


71147 


71155 


71164 


71172 


515 


71181 


71189 


71198 


71206 


71214 


71223 


71231 


71240 


71248 


71257 


516 


71265 


71273 


71282 


71290 


71299 


71307 


71315 


71324. 


71332 


71341 


517 


71349 


71357 


71366 


71374 


71383 


71391 


71399 


71408 


71416 


71425 


518 


71433 


71441 


71450 


71458 


71466 


71475 


71483 


71492 


71500 


71508 


519 


71517 


71525 171533 


71542 


71550 


71559 


71567 715751715841 


71592 



100 



Logarithms from I to 10,000. 



No. 

sSo 

521 

522 
523 
524 
525 
526 
527 
528 
529 

53J 
531 
532 
533 
534 
535 
536 
537 
538 
539 

540 
541 
542 
543 
544 
545 
546 
547 
548 
54^ 

550 
551 
552 
553 
^554 
555 
556 
557 
558 
559 

5'66 
561 
562 
563 
564 
565 
566 
567 
568 
569 

570 
571 
572 
573 
574 



71600 
71684 
71767 
71850 
71933 
72U16 
72099 
72181 
72263 
72346 

72428 
72509 
72591 
72673 
72754 
r2835 
72<>16 
72997 
73078 
73159 

73239 
73320 
73400 
73480 
73560 
73640 
73719 
73799 
73878 
73957 
74^36 
74115 
74194 
74272 
74351 
74429 
74507 
74585 
74663 
74741 

74819 
74896 
74974 
75051 
75128 
75205 
75282 
75358 
75435 
75511 

755B7 
75664 
75740 
75815 
75891 



7SBB9 
71692 
71775 
71858 
71941 
72024 
72107 
72189 
72272 
72354 

72436 
72518 
72599 
72681 
72762 
72843 
72925 
73005 
73086 
73167 

73247 
73328 
73408 
73488 
73568 
73648 
737*^ 
73807 
73886 
73965 



74044 
74123 
74202 
74280 
74359 
74437 
74515 
74593 
74671 
74749 



575175967 
J 576 76042 

1577 76118 
578 176193 
579 176268 



74827 
74904 
74981 
75059 
75136 
75212 
75289 
75366 
75'i42 
75519 



75595 
75671 
'75747 
75823 
75899 
75974 
76050 
76125 
76200 
76275 



71700 
71784 
71867 
71950 
72032 
72115 
72198 
72280 
72362 

72444 
72526 
72607 
72689 
72770 
72852 
72933 
73014 
73094 
73175 

73255 
73336 
73416 
73496 
73576 
73656 
73735 
73815 
73894 
73973 

74052 
74131 
74210 
74288 
74367 
74445 
74523 
74601 
74679 
74757 

74834 

74912 

74989 

75066 

751 

752 

75297 

75374 

75450 

75526 

75603 
75679 
75755 
75831 
75906 
75982 
76057 
76133 
76208 
76283 



w 



fTSSS 

71709 
71792 
71875 
71968 
72041 
72123 
72206 
72288 
72370 

72452 
72534 
72616 
72697 
72778 
72860 

72941 
73022 
73102 
73183 

73253 
73344 
73424 
73504 
73684 
73664 
73743 
73823 
73902 
73981 

7406Q 
74139 
74217 
74296 
74374 
74453 
r4531 
74609 
74687 
74764 

74842 
74919 
74997 
75074 
75151 
75228 
75305 
75381 
75458 
75534 



75610 
75686 
75762 
75838 
75914 
75989 
76065 
76140 
76215 
76290 



71634 
71717 
71800 
71883 
71966 
72049 
72132 
72214 
72296 
72378 

724% 
72542 
72624 
72705 
72787 
72868 
72949 
73030 
73110 
73191 

752r2 
73352 
73432 
73512 
73592 
73671 
7<i751 
73830 
73910 
73989 

740§8 
74147 
74225 
74304 
74382 
74461 
74539 
74617 
74695 
74772 

74850 
74927 
75004 
75082 
75159 
75236 
75312 
75389 
75465 
75542 

75618 
75694 
75770 
75846 
75921 
75997 
76072 
76148 
1 76223 
1 76298 



I 



71649 

71725 
71809 
71892 
71975 
72057 
72140 
72222 
72304 
72387 

72469 
72550 
72632 
72713 
72795 
72876 
72957 
73038 
73119 
73199 

73280 
73360 
73440 
73520 
73600 
73679 
73759 
7^838 
73918 
73997 
74076 
74155 
74233 
74312 
74390 
74468 
74546 
74624 
74702 
74780 

74858 
74035 
Z50\Q 
75089 
75166 
75243 
75320 
75397 
75473 
75549 



71650 
71734 
71817 
71900 
71983 
72066 
72148 
72230 
723ia 
72395 

72477 
72558 
72640 
72722 
72803 
72884 
72965 
73046 
73127 
73207 

73288 
73368 
73448 
73528 
73608 
73687 
73767 
73846 
73926 
74005 



8 



75626 
75702 
7577s 
75853 
75929 
76005 
76080 
76155 
76230 
76305 



74084 
74163 
74241 
74320 
74398 
74476 
74554 
74632 
74710 
74788 



74865 
74943 
75020 
75097 
75174 
75251 
75328 
75404 
75481 
75557 
756i§ 
75709 
757S5 
75861 
75937 
76012 
76087 
76163 
76238 
76313 



fiSSS 

71743 

71825 

71906 

71991 

72074 

72156 

72239 

72321 

72403 

72485 

72567 

72648 

72730 

72811 

72892 

72973 

73054 

73135 

73215 



73296 
73376 
73456 
73536 
73616 
73695 
73775 
73854 
73933 
74013 



74091 
74170 
74249 
74327 
74406 
74484 
74562 
74640 
74718 
74796 

74873 
74950 
75028 
75105 
75182 
75259 
75335 
75412 
75488 
75565 

75641 
75717 
75793 
75868 
75944 
76020 
76095 
76170 
76245 
76320 

■ ■■■tiHi. ' 



71667 

71750 

71834 

71917 

71999 

72082 

72165 

72247 

72329 

72411 



9 



72493 
72575 
72656 
72738 
72819 
72900 
72981 
73062 
73143 
73223 



716r5 
71739 
71842 
71925 

72008 

72090 

72173, 

72255 

72337 

7^19 

72501 
72^ 
736fii 
72746 
72fflr 
72908 
72989 

Tsm 

73151 



73231 



73304 73312 
73384 73392 
73464 73472 
73544 1 73552 
73624 1 73^2 
73703 73711 
737S3l7S791 
73862 \7387Q 
73941 \73949 
74020 74028 

74099 74107 
74178 74186 
74257 74265 
74335 745i3 
74414 74421 
74492 74500 
74570 74578 
74648 74656 
74726 74733 
74803 74811 

74881 74889 

74958 74966 

75035 750431 

75112 75120 

75189 75197 

75266 75274 

75343 75351 

75420 75427 

75496 75504 
75572 j75S80 

75548* 75656 
75724 75732 
75800 75808 
75876 758841 
75952 75959 
76027 76035 
76103 76110 



76X78 
76253 
76328 



76185} 
762601 
7633SI 



Logarithms from 1 to 10,000. 



101 



No. 


1 


3 


3 


4 


5 


6 


7 " 


8 


9 


. 


580 
581 
582 

5as 

584 
585 
586 
587 
588 
589 


7634S 
76418 
76492 
76567 
76641 
76716 
76790 
76864 
76938 
77012 


176350 
76425 
76^00 
76574 
76649 
76723 
76797 
76871 
76945 
77019 

77093 
77166 
77219 
77313 
77386 
77459 
77532 
77605 
77677 
77750 

77S22 
77895 
77967 
78039 
78111 
78183 
78254 
78326 
78397 
78469 


76358 
76433 
76507 
76582 
76656 
76730 
76805 
76879 
76953 
77026 


76365 
76440 
76515 
76589 
76664 
76638 
76^12 
76886 
76960 
77034 


76373 
76448 
76522 
76597 
76671 
76745 
76819 
76893 
76967 
77041 


76380 
76455 
76530 
76604 
76678 
76753 
76827 
76901 
76975 
77048 


76388 
76462 
76537 
76612 
76686 
76760 
76834 
76908 
76982 
77056 


76395 
76470 
76545 
76619 
76693 
76768 
76842 
76916 
76989 
77063 


76403 
76477 
76552 
76626 
76701 
76775 
76849 
76923 
76997 
77070 

77144 
77217 
77291 
77364 
774S7 
77510 
77583 
77656 
77728 
77801 


76410 
76485 
76559 
76634 
76708 
76782 
76856 
76930 
77004 
77078 




590 
591 
592 
593 
594 
595 
596 
597 
598 
599 


77085 
77159 
77232 
77305 
77379 
774.52 
77525 
77597 
77670 
77743 

V7815 
778S7 
77968 
78032 
78104 
78176 
78247 
78319 
78390 
78462 


77100 
77173 
77247 
77320 
77393 
77466 
77539 
77612 
77685 
77757 


77107 
77181 
77254 
7r327 
77401 
77474 
77546 
77619 
7r692 
77764 


77115 
77188 
77262 
77335 
77408 
77481 
77554 
77627 
77699 
77772 


77122 
77195 
77269 
77342 
77415 
77488 
77561 
77634 
77706 
77779 


77129 
77203 
77276 
77349 
77422 
77495 
77568 
77641 
77714 
777S6 


77137 
77210 
77283 
77357 
77430 
77503 
77576 
77648 
77721 
77793 


77151 
77225 
77298 
77371 
77444 
77517 
77590 
77663 
77735 
77808 




600 
601 
602 
603 
604 
605 
606 
607 
608 
609 


77830 
77902 
77974 
78046 
78118 
78190 
78262 
78333 
78405 
78476 


77837 
77909 
77981 
78053 
78125 
78197 
78269 
78340 
78412 
78483 


77844 
77916 
77988 
78061 
78132 
78204 
78276 
78347 
78419 
78490 


77851 
77924 
77996 
78068 
78140 
78211 
78283 
78355 
78426 
78497 

78569 
78640 
78711 
78781 
78852 
78923 
78993 
79064 
79134 
79204 


77859 
77931 
78003 
78075 
78147 
78219 
78290 
78362 
78433 
78504 


77866 
77938 
78010 
78082 
78154 
78226 
78297 
78369 
78440 
78512 


77873 

77945 

78017 

78089 

78161 

78233 

78305, 

78376 

78447 

78519 


77880 
77952 
78025 
78097 
78168 
78240 
78312 
78383 
78455 
78526 


■ 


610 
611 
612 
613 
614 
615 
616 
617 
618 
619 

620 
621 
622 
623 
624 
625 
626 
627 
628 
629 

630 
631 
632 
633 
634 
635 
636 
637 
638 
639 


78533 
78604 
78675 
78746 
78817 
78887 
78958 
79028 
790»9 
79169 


78540 
78611 
78682 
78753 
78824 
78895 
78965 
79036 
79106 
79176* 


78547 
78618 
78689 
78760 
78831 
78902 
78972 
79043 
79113 
79183 


78554 
78625 
78696 
78767 
78838 
78909 
78979 
79050 
79120 
79190 

79260 
79330 
79400 
79470 
79539 
79609 
79678 
79748 
79817 
79886 

79955 
80024 
80092 
80161 
80229 
80298 
80366 
80434 
80502 
80570 


78561 
78633 
78704 
78774 
78845 
78916 
78986 
79057 
79127 
79197 


78576 
78647 
78718 
78789 
78859 
78930 
79000 
79071 
79141 
79211 


78583 
78654 
78725 
78796 
78866 
78937 
79007 
79078 
79148 
79218 


78590 
78661 
78732 
78803 
78873 
78944 
79014 
79085 
79155 
79225 


78597 
78668 
78739 
78810 
78880 
78951 
79021 
79092 
79162 
79232 


■ 


79239 
79309 
79379 
79449 
79518 
79588 
79657 
79727 
79796 
79865 

79934 
80003 
80072 
80140 
80209 
80277 
80346 
80414 
80482 
80550 


79246 
79316 
79386 
79456 
79525 
79595 
79664 
79734 
79803 
79872 

79941 
80010 
80079 
80147 
80216 
80284 
80353 
80421 
80489 
80557 


79203 
79323 
79393 
79463 
79532 
79602 
79671 
79741 
79810 
79879 


79267 
79337 
79407 
79477 
79546 
79616 
79685 
79754 
79824 
79893 

79962 
80030 
80099 
80168 
80236 
80305 
80373 
80441 
80509 
St577 


79274 
79344 
79414 
79484 
79553 
79623 
79692 
7^761 
79831 
79900 


79281 
79351 
79421 
79491 
79560 
79630 
.79699 
79768 
79837 
79906 


79288 
79358 
79428 
79498 
79567 
70637 
79706 
79775 
79844 
79913 


79295 
79365 
79435 
79505 
79574 
79644 
79713 
79782 
79851 
79920 


79302 
79372 
79442 
79511 
79581 
79650 
79720 
79789 
79858 
79927 


■ 


79940 
80017 
80085 
80154 
80223 
80291 
80359 
80428 
80496 
80564 


79969 
80037 
80106 
80175 
80243 
80312 
80380 
80448 
80516 
80584 


79975 
80044 
80113 
80182 
80250 
80318 
80387 
80455 
80523 
80591 


79982 
80051 
80120 
80188 
80257 
80325 
80393 
80462 
80530 
80598 


79989 
801058 
80127 
80195 
80264 
80332 
80400 
80468 
80536 
80604 


79996* 

80065 

80134 

80202 

80271 

80339 

80407 

80475 

80543 

80611 


1 



100 



Logarithms fix>m 1 to 10,000. 



No. 

520 

521 
522 
523 
524 
S2S 
526 
527 
528 
529 

53J 
531 
532 
533 
534 
535 
536 
537 
538 
539 

540 
541 
542 
543 
544 
545 
546 
547 
548 
549 

550 
551 
552 
553 
>554 
555 
556 
557 
558 
559 

560 
561 
562 
563 
564 
565 
566 
567 
568 
569 

570 
571 
572 
573 
574 
575 
576 
577 
578 
79 



71600 
71684 
71767 
71850 
71933 
72016 
72099 
72181 
72263 
72346 



.5; 
5; 



72428 
72509 
72591 
72673 
72754 
72835 
72916 
72997 
73078 
73159 

73239 
73320 
73400 
73480 
73560 
73640 
73719 
73799 
73878 
73957 
74036 
74115 
74194 
74272 
74351 
74429 
74507 
74585 
74663 
74741 

74819 
74896 
74974 
75051 
75128 
75205 
75282 
75S58 
75435 
75511 

755S7 
75664 
75740 
75815 
75891 
75967 
76042 
76118 
76193 
76268 



71853 

71692 
71775 
71858 
71941 
72024 
72107 
72189 
72272 
72354 



72436 
72518 
72599 
72681 
72762 
72843 
72925 
73005 
73086 
73167 

73247 
73328 
73408 
73488 
73568 
73648 
737^ 
73807 
73886 
73965 



74044 
74123 
74202 
74280 
74359 
74437 
74515 
74593 
74671 
74749 

74827 
74904 
74981 
75059 
75136 
75212 
75289 
75366 
75442 
75519 



75595 
75671 
75747 
75823 
75899 
75974 
76050 
76125 
76200 
76275 



71617 
71700 
71784 
71867 
71950 
72032 
72115 
72198 
72280 
72362 



fJS25 
71709 
71792 
71875 
71958 
72041 
72123 
72206 
72288 
72370 



72444 
72526 
72607 
72689 
72770 
72852 
72933 
73014 
73094 
73175 

73255 
73336 
73416 
73496 
73576 
73656 
73735 
73815 
73894 
73973 

74055 
74131 
74210 
74288 
743B7 
74445 
74523 
74601 
74679 
74757 

74834 

74912 

74989 

75066 

751 

752 

75297 

75374 

75450 

75526 

75603 
75679 
75755 
75831 
75906 
75982 
76057 
76133 
76208 
76283 



W 



72452 
72534 
72616 
72697 
72778 
72860 

72941 
73022 
73102 
73183 

73253 
73344 
73424 
73504 
73684 
73664 
73743 
73823 
73902 
73981 



74060 
74139 
74217 
74296 
74374 
74453 
f4531 
74609 
74687 
74764 



74842 
74919 
74997 
75074 
75151 
75228 
75305 
75381 
75458 
75534 



75610 
75686 
75762 
75838 
75914 
75989 
76065 
76140 
76215 
76290 



71634 
71717 
71800 
71883 
71966 
72049 
72132 
72214 
72296 
72378 

72460 
72542 
72624 
72705 
72787 
72868 
72949 
73030 
73110 
73191 

73272 
73352 
73432 
73512 
73592 
73671 
73751 
73830 
73910 
73989 



74068 
74147 
74225 
74304 
74383 
r4461 
74539 
74617 
74695 
74772 

74850 
74927 
75004 
75082 
75159 
75236 
75312 
75389 
75465 
75542 



75618 
75694 
75770 
75846 
75921 
75997 
76072 
76148 
76223 
76298 



71642 
71725 
71809 
71892 
71975 
72057 
72140 
72222 
72304 
72387 

72469 
72550 
72632 
72713 
72795 
72876 
72957 
73038 
73119 
73199 



6 



73280 
73360 
73440 
73520 
73600 
73679 
73759 
73838 
73918 
73997 

74076 
74155 
74233 
74312 
74390 
74468 
74546 
74624 
74702 
74780 



74858 
74935 
7,50}^ 
75089 
75166 
75243 
75320 
75397 
75473 
75549 

75626 
75702 
75778 
75853 
75929 
76005 
76080 
76155 
76230 
76305 



71650 

71734 

71817 

71900 

719831 

720661 

72148 

72230 

72313 

72395 

72477 
72558 
72640 
72722 
72803 
72884 
72965 
73046 
73127 
73207 

73288 
73368 
73448 
73528 
73608 
73687 
73767 
73846 
73926 
74005 

74084 
74162 
74241 
74320 
74398 
74476 
74554 
74632 
74710 
74788 



74865 

74943 
75020 
75097 
75174, 
75251 
75328 
75404 
75481 
75557 



75m 
75709 
75785 
75861 
75937 
76012 
76087 
76163 
76238 
76313 



7IS59 
71742 
71^5 
71908 
n991 
72074 
72156 
72239 
72321 
72403 



8 



72455 
72567 
72648 
72730 
72811 
72892 
72973 
73054 
73135 
73215 

73296 
73376 
73456 
73536 
73616 
73695 
73775 
73854 
73933 
74013 



74091 
74170 
74249 
74327 

74406 
74484 
74562 
74640 
74718 
^4796 

74873 
74950 
75028 
75105 
75182 
75259 
75335 
75412 
75488 
75565 

75641 
75717 
T5793 
75868 
75944 
76020 
76095 
76170 
76245 
76320 



71667 
71750 
71834 
71917 
71999 
72082 
72165 
72247 
72329 
72411 

r2493 
72Sr5 
72656 
72738 
72819 
72900 
72981 
73062 
73143 
73223 



73304 

73384 

73464 

73544 

73624 

73703 

73783 

73862 

73941 

74020 

74099174107 



Tiers 

71759 

71842 

71925 

72008 

72090 

72173, 

72255 

72337 

72419 

72501 
72583 
72665 
72746 
72827 
72908 
72989 
73070 
73151 
73231 

73312 

73392 

73472 

73552 

73635 

73711 

73791 

73870 

73949 

74028 



74178 
74257 
74335 
74414 
74492 
74570 
74648 
74726 
74803 



74186 
74265 
74543 
74421 
74500 
7457a 
74656 
74733 
748U 



74881 
74958 
75035 
75112 
75189 
75266 
75343 
75420 
75496 
7557^ 



75548 
,75724 
175800 
75876 
75952 
76027 
76103 
76178 
76253 
76328 



74889 
74966 
75043 
75120 
75197 
75274 
75351 
75427 
75504 
75580 



75656 
75732 
75808 
75884 
75959 
76035 
76110 
761S5 
76260 
76335 



T^^ 



Logarithms from 1 to 10,000. 
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No. 

foo 

701 
702 
703 
704 
70S 
706 
707 
708 
709 

710 
711 
71^ 
713 
714 
715 
716 
717 
718 
719 

720 

721 

722 

723 

724 

725 

726 

727 

728 

729 

730 
731 
732 
733 
734 
735 
7S6 
737 
738 
739 

740 
741 
1742 
743 
.744 
745 
746 
747 
748 
749 



84510 
84572 
84634 
84696 
84757 
84819 
8488() 
84942 
85003 
85065 



85126 
85187 

85248 
85309 
85370 
85431 
85491 
85552 
85612 
S5673 

85733 
85794 
85854 
85914 
85974 
86034 
86094 
86153 
86213 
86273 

86332 
86392 
86451 
86510 
86570 
86629 
86688 
86747 
86806 
86864 



84516 
84578 
84640 
84702 
84763 
84825 
84887 
84948 
85009 
85071 

85132 
85193 
85254 
85315 
85376 
85437 
85497 
S555S 
85618 
85679 

85739 
85800 
85860 
85920 
85980 
86040 
86100 
86159 
86219 
86279 



84522 
84584 
84646 
84708 
84770 
84831 
84893 
84954 
85016 
S5077 

85138 
85199 
85260 
85321 
85382 
85443 
85503 
85564 
85625 
85685 



86923 
86982 
87040 
87099 
87157 
87216 
87274 
87332 
87390 
87448 

750 1 87506 

751 87564 
7^2 87622 

753 1 87679 

754 j 87737 

755 \ 87795 

756 1 87852 
757 1 87910 
758 ; 87967 
759 ; 88024 



86338 
86398 
86457 
86516 
86576 
86635 
86694- 
86753 
86812 
86870 

86929 
86988 
87046 
87105 
87163 
87221 
87280 
87338 
87396 
87454 

87512 
87570 
87628 
87685 
87743 
87800 
87858 
87915 
87973 
88030 



85745 
85806 
85866 
85926 
85985 
86046 
86106 
86165 
86225 
86285 

86344 
86404 
86463 
86522 
86581 
86641 
8670Q 
86759 
86817 
86876 



8552§ 
84590 
84652 
84714 
84776 
8^837 
84899 
84960 
85022 
85083 

85144 
85205 
85266 
85327 
85388 
85449 
85509 
85570 
85631 
85691 

85751 
85812 
858:2 
85932 
85992 
86052 
86112 
86171 
86231 
86291 

86350 
86410 
86469 
86528 
86587 
86646 
86705 
86764 
86823 
86882 



86935 I 

86994 '' 

87052 

87111 

87169 

87227 

87286 

87344 

87402 

87460 

87518 
S7576 
87633 
87691 
87749 
87806 
87864. 
87921 
87978 
88036 



86941 
86999 
87058 
87116 
87175 
87233 
87291 
87349 
87408 
87466 



87523 
87581 
87639 
87697 
87754 
87812 
87869 
87927 
87984 
88041 



84535 
84597 
84658 
84720 
84782 
84844 
84905 
84966 
85028 
85089 



85150 
85211 
85272 
85333 
85394 
85455 
85516 
85576 
85637 
85697 

85757 
85818 
85878 
85938 
85998 
86058 
86118 
86177 
86237 
86297 

86356 
86415 
86475 
86534 
86593 
86652 
86711 
86770 
86829 
86888 

86947 
87005 
87064 
87122 
87181 
87239 
87297 
87355 
87413 
87471 
875^29 
87587 
87645 
87703 
87760 
87818 
87875 
87933 
87990 
88047 



84541 
84603 
84665 
84726 
84788 
84850 
84911 
84973 
85034 
85095 

85156 
85217 
85278 
85339 
85400 
85461 
85522 
85582 
85643 
85703 



85763 
85824 
85884 
8-:944 
86004 
86064 
86124 
86183 
86243 
86303 

86362 
86421 
86481 
36540 
86599 
86658 
86717 
86776 
86835 
86894 



86953 
87011 
87070 
87128 
87186 
87245 
87303 
87361 
87419 
87477 
S7535 
87593 
87651 
87708 
87766 
87823 
878S1 
87938 
87996 
88053 



84547 
84609 
84671 
84733 
84794 
81856 
84917 
84979 
85040 
85101 

85163 
85224 
85285 
85345 
85406 
85467 
85528 
85588 
85649 
85709 

85769 
85830 
85490 
85950 
86010 
86070 
86130 
86189 
86249 
86309 

86368 
86427 
8S487 
86546 
86605 
86664 
86723 
86782 
86841 
869Q0 

86958 
87017 
87075 
87134 
87192 
37251 
87309 
87367 
87425 
87483 

87541 
87599 
87656 
87714 
87772 
87829 
87887 
87944 
88001 
88058 



84553 
84615 
84677 
84739 
84J00 
84862 
84924 
84985 
85046 
85107 

85169 
85230 
85291 
85352 
85412 
85473 
85534 
85594 
S5655 
85715 

85775 

85836 
85896 
85956 
86016 
86076 
86136 
86195 
8625^ 
£6314 



8 



86374 
86433 
86493 
86552 
'86611 
86670 
86729 
86788 
86847 
86906 

86964 
87023 
87081 
87140 
87198 
87256 
87315 
87373 
87431 
87489 

87547 
87604 
87662 
87720 
87777 
87835 
87892 
87950 
88007 
88064 



84559 
84621 
84683 
84745 
84807 
84868 
84930 
84991 
85052 
85114 

85T75 
85236 
85297 
85358 
85418 
85479 
85540 
85600 
85661 
85721 



85781 
85842, 
85902 
85962 
86022 
86082 
86141 
86201 
86261 
86320 



86380 
86439 
86499 
86.558 
86617 
86676 
86735 
86794 
86853 
86911 

86970 
87029 
87087 
87146 
87204 
87262 
87320 
87379 
87437 
87495 

87552 
87610 
87668 
87726 
87783 
87841 
87898 
87955 
88013 
88070 



84566 
84628 
34689 
84751 
84813 
84874 
84936 
84997 
85058 
85120 

85181 
85242 
85303 
85364 
85425 
85485 
85546 
85606 
85667 
85727 

85788 
85848 
85908 
85968 
86028 
86088- 
86147 
86207 
86267 
86326 

86386 
86445 
86504 
86564 
86693 
86682 
86741 
86800 
86859 
86917 



86976 
87035 
87093 
87151 
87210 
87268 
87326 
87384 
87442 
87500 

87558^. 

87616 ^' 

87674 

87731 

87789 

87846 

87904 

87961 

83018 

88076 



104 



Logarithms from 1 to l0,00O. 



Na 





1 


2 


3 


4 


5 


6 


7 


8 


I'l 


760 


88081 


^8087 


88093 


88098 


88104 


88110 


88116 


88121 


88127 8gU3 


761 


88138 


8K144 


88150 


88156 


88161 


88167 


88173 


88178 


88184 88190 


762 


88195 


88201 


88207 


88213 


88218 


88224 


88230 


88235 


88241 883^ 


763 


88252 


88258 


88264 


88270 


t8:75 


88281 


88287 


88292 


88298 88304 


764 


88o09 


8a>15 


88321 


88326 


88332 


88338 


88343 


88349 


88355 88360 


76,5 


8a5(i« 


88372 


88377 


88383 


88389 


88395 


88400 


88406 


88412/88417 


766 


8S123 


88429 


88434 


88440 


88446 


88451 


88457 


88463 


88468 88474 


767 


aS480 


88485 


88491 


88497 


88502 


88508 


88513 


88519 


88525188530 


768 


8K.5.;r. 


88542 


88547 


88553 


88559 


88564 


88570 


88576 


88581 


I 88587 


r69 
1-70 


8S.>93 
HrM9' 


8M598 
.SS655 


88604 
88660 


88610 
88666 


88615 


88621 


88627 


88632 
88689 


88631 


t 88rc» 


88672 


88677 


88683 


88694 


771 


88705 


88711 


88717 


88722 


88728 


88734 


88739 


88745 


8S750 1 88756] 


772 


88762 


88767 


88773 


88779 


88784 


88790 


88795 


88801 


88807 


' ^sm 


7-1:^ 


8HS18 


88824 


88829 


88835 


88840 


88846 


88852 


88857 


88863 


\ 838^ 


77^ 


88S7.1. 


8.S.SS0 


88885 


88891 


88897 


8H902 


88908 


88913 


88919 


f m& 


775 


88930 


88936 


88941 


.88947 


88953 


88958 


88964 


88969 


88975 


• 88981 


77Cy 


88986 


88992 


88997 


89003 


89009 


89014 


89020 


89025 


89031 


89037 


777 


H[)(ii2 


8yo-t8 


89053 


89059 


89064 


89070 


89076 


89081 


89087 


89092 


778 


89098 


89104 


89109 


89115 


89120 


89126 


89131 


89137 


89143 


89148 


779 

780 


891.>4 


89159 
8^)215 


89165 
89221 


89170 


89176 

89232 


89182 


89187 


89193 


89198 


8926» 


89226 


89237 


89243 


89248 


89254 


781 


89265 


89271 


89276 


89282 


89287 


89293 


89298 


89304 


89310 89315 


782 


8..321 


S9326 


89332 


89337 


89343 


89348 


'89354 


89360 


89365 393?1 


78^3 


89376 


89382 


89387 


89393 


89398 


89404 


89409 


89415 


89421 S9436 


784 


894.52 


89437 


89443 


89448 


89454 


89459 


89465 


89470 


89476 B9481 


785 


89487 


89492 


89498 


89504 


89509 


89515 


89520 


89526 


89S31 89SSr 


786 


89542 


89548 


89553 


89559 


89564 


89570 


89575 


89581 


89386189392 


787 


89597 


89603 


89609 


89614 


89620 


89625 


89631 


89636 


89642(89647 


788 


89653 


89658 


8956-1 


89669 


89675 


89680 


89686 


89691 


89697 \89702 


789 
790 


89708 
89763 


89713 
8J768 


89719 

89774 


89724 
89779 


89730 


89735 
89790 


89741 


89746 


89752 


89757 


89785 


89796 


89801 


89897 1 


89812 


791 


89818 


89823 


898J9 


89834 


89840 


89845 


89851 


89856 


89862 89867 


792 


89K73 


89878 


89SS3 


89889 


89894 


89900 


89905 


89911 


89916 89922 


793 


89927 


89933 899;.8 


89944 


89949 


89955 


89960 


89966 


89971 


89977 


794 


89982 


8i'988 


89:>93 


89993 


900CH 


90009 


90015 


90020 


90026 


90031 


795 


90037 


90042 


90048 


90053 


90059 


90064 


90069 


90075 


9OO80 


90086 


796 


90091 


90097 


90102 


90108 


90113 


90119 


90124 


90129 


90135 


90140 


797 


90146 


90151 


90157 


90162 


90168 


90173 


90179 


90184 


90189 


90195 


798 


90200 


90206 


90211 


90217 


90222 


90227 


90233 


90238 


90244 


90249 


799 

800 


90255 


90260 


90266 
90320 


90271 
90325 


90276 
90331 


90282 
90336 


90287 


90293 


90298 


90304 


90309 


90314 


90342 


90347 


90352 


801 


90363 


90369 


90374 


90380 


90385 


90390 


90396 


90401 


90407 


90412 


802 


90417 


50423 


90428 


90434 


90439 


90445 


90450 


90455 


90461 


90466 


803 


90472 


90477 


90482 


90488 


90493 


90499 


90504 


90509 


90515 


90590 


804 


90526 


90531 


90536 


90542 


90547 


90553 


90558 


90563 


90569 


90574 


805 


90580 


90535 


90590 


90596 


90601 


90607 


90612 906171 


90623 


90628 


806 


90634 


90639 


90644 


90650 


90655 


90660 


90666 


90671 


90677 


90682 


807 


90687 


90693 


90698 


,90703 


90709 


90714 


90720 


90725 


90730 


90736 


808 


90741 


90746 


90752 


90757 


90763 


90/66 


90773 


90779 


90784 


90789 


809 
.810 


90795 


90800 


90806 
90359 


90811 


90816 
90870 


90822 
90875 


90827 


90832 


90838 
90891 


90843 
90897 


90849 


90854 


90865 


90881 


90886 


811 


90902 


90907 


90913 


90918 


90924 


90929 


90934 


90940 " 


90945 


90950 


812 


90956 


90961 


90966 


90972 


909/7 


90982 


90988 


90993 ' 


90998 


91004 


813 


91009 


91014 


91020 


91025 


91030 


910^6 


91041 


91046 


91052 


91057 


814 


91062 


91068 


91073 


91078 


91084 


91089 


91094 


91100 < 


91105 - 


31110 


815 


91116 


91121 


91126 


91132 


91137 


91142 


9U48' 


91153 < 


91158 < 


?I164 


816 


91169 


91174 


91180 


91185 


91190 


91196 


91201 


91206 ! 


91212 i 


?1217 


817 


91222 


91228 


91233 


91238 


91243 


91249 


91254 


91259 i 


91265 < 


W270 


818 
.819 


91275 


91281 


91286 


91291 


91297 


91302 


91307 


91312 i 


91318 i 


;1323 


91328 913341 913391 


91344 


91350 91355! 


91360 


91365 91371 f 91376 1 



Logarithms from 1 to 10,000i 



105 



91434 
914Sr 
91540 
91593 
91645 
91698 
91751 
91803 
91855 

91908 
91960 
92012 
92065 
92117 
92169 
92221 
92273 
92324 
92376 

92428 
92480 
92531 
92583 
92634 
92686 
92737 
92788 
92840 
92891 
92942 
92993 
93044 
93095 
93146 
93197 
93247 
93298 
93349 
93399 

93450 
93500 
93551 
93601 
93651 
93702 
90752 
^3802 
93852 
93902 

93952 
94002 
94052 
94101 
94151 
94201 
94250 
94300 
94349 
943991 



91387 
91440 
91492 
91545 
91598 
91651 
91703 
91756 
91808 
91861 

91913 
91965 
92018 
92070 
92122 
92174 
92226 
92278 
92330 
92381 

92433 
92485 
92536 
92588 
5^2639 
92691 
92742 
92793 
92845 
92896 

92947 
92998 
93049 
93100 
93151 
93202 
93252 
93303 
93354 



93455 
93505 
93S56 
93606 
93656 
93707 
93757 
93807 
93857 
93907 



93957 
94007 
94057 
94106 
94156 
94206 
94255 
94305 
94354 
94404 



2 



91392 
91445 
91498 
91551 
91603 
91656 
91709 
91761 
91814 
91866 



91918 
91971 
92023 
92075 
92127 
92179 
92231 
92283 
92335 
92387 

92438 
92490 
92542 
92593 
92645 
92696 
92747 
92799 
92850 
92901 



92952 
93003 
93054 
93105 
93156 
93207 
93258 
93308 
93359 
93409 

934S0 
93510 
93561 
93611 
93661 
93712 
93762 
93812 
93862 
93912 



93962 
94012 
94062 
94111 
94161 
94211 
94260 
94310 
94359 

QAAPO 



91397 
91450 
91503 
91556 
91609 
91661 
91714 
91766 
91819 
91871 



91924 
91976 
92028 
92080 
92132 
92184 
92236 
92288 
92340 
92392 



92443 
92495 
92547 
92598 
92650 
92701 
92752 
92804 
92855 
92906 



92957 
93008 
93059 
93110 
93161 
93212 
93263 
93313 
93364 
93414 



93465 
93515 
93566 
93616 
93666 
93717 
93767 
93817 
93867 
93917 

93967 
94017 
94067 
94116 
94166 
94216 
94265 
94315 
94364 
94414 



91403 
91455 
91508 
91561 
91614 
91666 
91719 
91772 
91824 
91876 

91929 
91981 
92033 
92085 
92137 
92189 
92241 
92293 
92345 
92397 

92449 
92500 
92552 
92603 
92655 
92706 
92758 
92809 
92860 
92911 

92962 
93013 
93064 
93115 
93166 
93217 
93268 
93318 
93369 
93420 

93470 
93520 
93571 
93621 
93671 
93722 
93772 
93822 
93872 
93922 

93972 
94022 
94072 
94121 
94171 
94221 
94270 
94320 
94369 
94419 



91408 
91461 
91514 
91566 
91619 
91672 
91724 
91777 
91829 
91382 

91934 
91986 
92038 
92091 
92143 
92195 
92247 
92298 
92350 
92402 

92454 
92505 
92557 
92609 
92660 
92711 
92763 
92814 
«92865 
92916 

92967 
93018 
93069 
93120 
93171 
93222 
93273 
93323 
93374 
93425 

93475 
93526 
93576 
93626 
93676 
93727 
93777 
93827 
93877 
93927 

93977 
94027 
94077 
94126 
94176 
94226 
94275 
94335 
94374 



91413 
91466 
91519 
91572 
91624 
91677 
91730 
91782 
91834 
91887 



91939 
91991 
92044 
92096 
92148 
92200 
92252 
92304 
92355 
92407 



92459 
92511 
92562 
92614 
92665 
92716 
92768 
92819 
92870 
92921 



92973 
93024 
9:5075 
93125 
93176 
93227 
93273 
93328 
93379 
93430 

93480 
93531 
93581 
93631 
93682 
93732 
93782 
93832 
93882 
93932 

93982 
94032 
94082 
94131 
94181 
94231 
94280 
94330 
94379 
94429 



o 



91418 
91471 
91524 
91577 
91630 
91682 
91735 
91787 
91840 
91892 



91944 
91997 
92049 
92101 
92153 
92205 
92257 
92309 
92361 
92412 



92464 
92516 
92567 
92619 
92670 
92722 
92773 
92824 
92875 
92927 
92978 
93029 
93080 
93131 
93181 
93232 
93283 
93334 
93384 
93435 

93485 
93536 
93586 
93636 
93687 
93737 
93787 
93837 
93887 
93937 



93987 
94037 
94086 
94136 
94186 
94236 
94285 
94335 
94384 
94433 



8 

91424 
91477 
91529 
91582 
91635 
91687 
91740 
91793 
91845 
91897 

91950 
92002 
92054 
92106 
92158 
92210 
92262 
92314 
92366 
92418! 

92469! 

925211 

92572 i 

92624^ 

92675} 

92727 

92778 

92829 

92881 

92932 

92983 

93034 

93085 

93136 

93186 

93237 

93288 

93339 

93389^ 

93440 

93490 
93541 
93591 
93641 
93692 
93742 
93792 
93842 
93892 
93942 

93992 
94042 
94091 
94141 
94191 
94240 
94290 
94340 
^4389 
94438 



91429 
91482 
91535 
91587 
91640 
91693 
91745 
91798 
91850 
91903 

9 J 955 
92007 
92059 
92111 
9J163 
92215 
92267 
92319 
92371 
92423 

92474 
92526 
92578 
92629 
92681 
92732 
92783 
92834 
92886 
92937 
92988 
93039 
93090 
93141 
93192 
93242 
93293 

93394 

93445 

93495 

93546 

93596 < 

93646 

93697 

93747 

93797 

93847 

93897 

93947 

93997 
94047 
94096 
94146 
94196 
94245 
94295 
94345 
94394 
944431 



06 



Logarithms from 1 to 10*000. 



Ma. 

880 
H61 
882 
8H3 
88i 
685 
886 
88r 
888 
889 

890 
891 
893 
893 
894 
895 
896 
897 
898 
899 

^ 
901 
902 
903 
904 
905 
906 
907 
908 
909 

910 
911 
912 
913 
914 
915 
916 
917 
918 
919 

920 
921 
922 
923 
924 
925 
926 
927 
928 
929 

930 
931 
932 
933 
934 
935 
936 
937 



94448 
<)4498 
94547 
94596 
94645 
94694 
94743 
94792 
94841 
94890 



94939 

95036 
95085 
95134 
95182 
95231 
95279 
95328 
95376 

95424 
95472 
95521 
95569 
95617 
9566S 
95713 
95761 
95809 
95856 

95904 
95952 
95999 
96047 
96095 
96142 
96190 
96237 
96284 
96332 

96379 
96426 
96473 
96520 
96567 
96614 
96661 
96708 
96755 
96802 

98S48 



96895 
96942 
96988 
97035 
97061 
97128 
97174 
«38 .97220 
939 99^967 



943S 

94503 
94552 
94601 
94650 
94699 
94748 
94797 
94846 
94895 



94944 
94993 
95041 
95090 
95139 
95187 
95236 
95284 
95332 
95381 

95429 
95477 
95525 
95574 
95622 
95670 
95718 
95766 
95813 
95861 

95909 
95957 
96004 
96052 
96099 
96147 
96194 
96242 
96289 
96336 



96384 
96431 
96478 
96525 
96572 
96619 
96666 
96713 
96759 
96806 

96853 
96900 
96946 
96993 
97039 
97086 
97132 
97179 
97SKS 
97371 



94458 
94507 
94557 
94606 
94655 
94704 
94753 
94803 
94851 
94900 

f\At\Al\ 

94998 
95046 
95095 
95143 
95193 
95240 
95289 
95337 
95386 

95434 
95482 
95530 
95578 
95626 
95674 
95722 
95770 
95818 
95866 

95914 

l;5961 

96009 
96057 
96104 
96152 
96199 
96246 
96294 
96341 

96388 
96435 
96483 
96530 
96577 
96624 
96670 
96717 
96764 
96811 

96858 
96904 
96951 
96997 
97044 
97090 
197137 
97183 

97276 



944^ 
94512 
94562 
94611 
94660 
94709 
94758 
94807 
94856 
94905 



94954 
95002 
95051 
95100 
95148 
95197 
95245 
95294 
95543 
9539 

95439 
95487 
95535 
95583 
95631 
95679 
95727 
95775 
95823 
95871 



95918 

95966* 

96014 

96061 

96109 

96156 

96204 

96251 

96298 

96346 



94lS 
94517 
94567 
94616 
94665 
94714 
94763 
94812 
94861 
94910 



94473 
94532 
94571 
94621 
94670 
94719 
94768 
94817 
94866 
94915 



96393 
96440 
96487 
96534 
96581 
96628 
96675 
96722 
96769 
96816 

96862 
96909 
96956 
!970(te 
97049 
97095 
97143 
97188 
97334, 
97380i 



94959 94963 



95007 
95056 
95105 
95153 
95202 
95350 
95399 
95347 
95395 



95444 
95492 
95540 
95588 
95636 
95684 
95732 
95780 
95828 
95875 

95923 
95971 
96019 
96066 
96114 
96161 
96209 
96256 
96303 
96350 

96398 
96445 
96492 
96539 
96586 
96633 
96680 
96727 
96774 
96820 

96g67 

96914 

96960 

97007 

97053 

97100 

97146 

97192 

972391 

97285J 



95013 
95061 
95109 
95158 
95307 
95355 
95303 
95352 
95400 



95448 
95497 
95545 
95593 
95641 
95689 
95737 
95785 
95832 
95880 



95928 
95976 
96033 
96071 
96118 
96166 
96213 
96261 
96308 
96355 



96403 
96450 
96497 
96544 
96591 
96638 
96685 
96731 
96778 
9682^ 

96872 
96918 
96965 
97011 
97058 
97104 
97151 
97197 
97243 
97290 



94«B 
94527 
94576 
94636 
94675 
94734 
94773 
94822 
94871 
94919 

94968 
95017 
95066 
95114 
95163 
95211 
95260 
95306 
95357 
95405 

95253 
95501 
95550 
95598 
95646 
95694 
95742 
95789 
95837 
95885 



94483 



8 



95933 
95980 
96028 
96076 
96133 
96171 
96318 
96265 
96313 
96360 



96407 
96454 
96501 
96548 
96505 
96642 
96689 
96736 
96783 
96830 

96876 
96923 
96970 
97016 
97063 
97109 
97155 
97203 
97348 
97294 



945811 

94630 

94680 



94778 



94876 
94934 



94973 



95071 
95119 
95168 
95216 
95365 
95313 
95361 
95410 

95458 

95554 
95603 
95650 
95696 
95746 
95794 
95842 
95890 

95938 
95985 
96033 
96090 
96138 
96175 
96233 
96270 
96317 
96365 

96413 
96459 
96506 
96553 
96600 
96647 
96694 
96741 
96788 



94537 
94586 
94/S3S 
946BS 

94734 
94783 
94832 
94880 
94929 

949^ 
95027 
95075 
95134 
95173 
95331 
95370 
95318 
95366 
95415 



94493 

94542] 

94591 

94640 

94689 

94738 

W87 

M836| 

94tt5 

94SS4 






95463 

95511 

95559 

95607 

9S6SS 

9S7V3 

95751 

95799 

95847 

95895 

95942 
95990 
96038 
96085 
96133 
96180 
96227 
96275 
96322 
96369 



94983 
9Se3 

9san 

95139 
95177 
95336 
9S274 
95333 
9S371 
95419 



95468 

95516 

95564 

95612 

95660 

9S708 

9S756 

95804 

95852 

95099 

95947 
95995 
96043 
96090 
96137 
96185 
96333 
96280 
96S27 
96374 



96417 
96464 
96511 
96558 
96605 
96652 
96699 
96745 



96421 

96468 

96SIS\ 

96562 

96609 

96656 

96703 

96750 



96834 f 96839 



96792196797 
96844 



96881 
96928 
96974 
97031 
97067 
97114 
97160 
97306 
97253 
97299 



96886 

96932 

96979 

97025 

97073 

97118 

97165 

97211 

97257 

97304 



96890 

96937 

96984 

97O30 

970?7 

97123 

97169 

97316 

97363 

9r308 



L(^;arithnis from 1 to 10^000. 



107 



No. 





1 

97317 
97364 
97410 
97456 
97502 
97548 
97594 
97640 
97685 
97731 


2 


3 


.4 


5 


6 


7 


8 


9 


940 
941 
942 
943 
944 
945 
946 
947: 
948 
949 

950 
951 
952 
953 
954 
955 
956 
957 
958 
959 

960 
961 
962 
963 
964 
965 
966 
967 
968 
969 

970 
971 
972 
973 
974 
975 
976 
977 
978 
979 

980 
981 
982 
983 
984 
985 
986 
987 
988 
989 

990 
991 
992 
993 
994 
995 
996 
997 
998 
999 


97313 
97359 
97405 
97451 
97497 
97543 
97589 
97635 
97681 
97727 


97322 
97368 
97414 
97460 
97506 
97552 
97598 
97644 
97690 
97736 


97327 
97373 
97419 
97465 
97511 
^SS7 
97603 
97649 
97695 
97740 


97331 
97377 
97424 
97470 
97516 
97562 
97607 
97653 
97699 
97745 


97336 
97382 
97428 
97474 
97520 
97566 
97612 
97658 
97704 
97749 


97340 
97387 
97433 
97479 
97525 
97571 
97617 
97663 
97708 
97754 

97800 
97845 
97891 
97937 
97982 
98028 
98073 
98118 
98164 
98209 


97345 
97391 
97437 
97483 
97529 
^75:fS 
97621 
97667 
97713 
97759 

97804 
97850 
97896 
97941 
97987 
98032 
98078 
98123 
98168 
98214 


97350 
97396 
97442 
97488 
97534 
97580 
97626 
97672 
97717 
97763 


97354 
97400 
97447 
97493 
97539 
97585 
97630 
97676 
97722 
97768 


97772 
97818 
97864 
97909 
97955 
98000 
98046 
98091 
98137 
98182 


^fm7 
97823 
97868 
97914 
97959 
98005 
98050 
98096 
98141 
98186 


97782 
97827 
97873 
97918 
97964 
98009 
98055 
98100 
98146 
98191 


97786 
97832 
.97877 
97923 
97968 
98014 
98059 
98105 
98150 
98195 


97791 

97836 

97882 

97928 

97973 

98019 

98064 

98109 

98155, 

98200 


97795 
97841 
97886 
97932 
97978 
98023 
98068 
98114 
98159 
98204 

98250 
98295 
98340 
98385 
98430 
98475 
98520 
98565 
98610 
98655 

98700 
98744 
98789 
98834 
98878 
98923 
98967 
99012 
99056 
99100 


97809 
97855 
97900 
97946 
97991 
98037 
98082 
98127 
98173 
98218 

98263 
9^08 
98354 
98399 
98444 
98489 
98534 
98579 
98623 
98668 


97813 
97859 
97905 
97950 
97996 
98041 
98087 
98132 
98177 
98223 


98227 
98272 
98318 
98363 
98408 
98453 
98498 
98543 
98588 
98632 


98232 
98277 
9«?22 
98367 
98413 
98457 
98502 
98547 
98592 
98637 


98236 

98281 

9a327 

98372 

98417 

98462 

98507 

98552" 

98597 

98641 


98241 
98286 
98331 
98376 
98421 
98466 
98511 
98556 
98601 
98646 


98245 
98290 
98336 
98381 
98426 
98471 
98516 
98561 
98605 
98650 


98254 
98299 
98345 
98390 
98435 
98480 
98525 
98570 
98614 
98659 


98259 
92304 
98349 
98394 
98439 
98484 
98529 
98574 
98619 
98664 


98268 
98313 
98358 
98403 
98448 
98493 
98538 
98583 
98628 
98673 


98677 
98722 
98767 
98811 
98856 
98900 
98945 
98989 
99034 
99078 


98682 
98726 
98771 
98816 
98860 
98905 
98949 
98994 
99038 
99083 


98686 
98731 
98776 
98820 
98865 
98909 
98954 
98998 
99043 
99087 

99131 
99176 
99220 
99264 
99308 
99352 
99396 
99441 
99484 
99528 


98691 
98735 
98780 
98825 
98869 
98914 
98958 
99003 
99047 
99092 

99136 
99180 
99224 
99269 
99313 
99357 
99401 
99445 
99489 
^533 


98695 
98740 
98784 
98829 
98874 
98918 
98963 
99007 
99052 
99096 


98704 
98749 
98793 
98838 
96883 
98927 
98972 
99016 
99061 
99105 


98709 
98753 
98798 
98843 
98887 
.98932 
98976 
99021 
9906.5 
99109 


98713 
98758 
98802 
98847 
98892 
98936 
98981 
99025 
99069 
99114 


98717 
98762 
98807 
98851 
98896 
98941 
98985 
99029 
99074 
99118 


99123 
99167 
99211 
99255 
99300 
99344 
99388 
99432 
99476 
99520 

99564 
99607 
99651 
99695 
99739 
99782 
99826 
99870 
.99913 
199957 


99127 
99171 
99216 
99260 
99^04 
9934a 
99392 
99436 
99480 
99524 


99140 
99185 
99229 
99273 
99317 
99361 
99405 
99449 
99493 
99537 

99581 
99625 
99669 
99712 
99756 
99800 
99843 
99887 
99930 
99974 


99145 
99189 
99233 
99277 
99322 
99366 
99410 
99454 
99498 
99542 

99585 
99629 
99673 
99717 
99760 
99804 
99848 
99891 
99935 
99978 


99149 
99193 
99238 
99282 
99326 
99370 
99414 
99458 
99502 
99546 

99590 
99634 
99677 
99721 
99765 
99808 
99852 
99896 
99939 
99983 


99154 
99198 
99242 
99286 
99330 
99374 
99419 
99463 
99506 
99550 


99158 
99202 
99247 
99291 
99335 
99379 
99423 
99467 
99511 
99555 


99162 
99207 
99251 
99295 
^339 
99383 
99427 
99471 
99515 
99559 


99568 

99612 

99656 

99699' 

99743; 

99787J 

998301 

99874 

99917. 

99961' 


99572 
99616 
99660 
99704 
99747 
99791 
99835 
99878 
99922 
99965 


99577 
99621 
99664 
99708 
99752 
99795 
99839 
,99883 
99926 
99970^ 


99594 99599 
99638 9964,2 
99682 99686 
99726 99730 
99769 1 99774 
99813 99817 
99856 99861 
99900 99904 
99944 i 99948 
99987 ''"99991 


99603 
99647 
99691 
99734 
99778 
99822 
99865 
99909 
99952 
99996 



108 Artificial Since, Tang, and Sec Degrees- 





1 

2 
3 

4 
5 
6 
7 
8 

10 



41 
42 
43 

44 
45 
46 
47 
48 
49 
50 



51 
52 
53 
54 
55 
56 
57 
58 
SJ 
60 



M.. r>ine. C(>»«iiie. 



lO.UOOOO 

6.46373 
76476 
94085 

r.065. 9 

1^270 
24188 
3')S82 
366«2 
4W7 
46373 



7.5U512 
54-291 
57767 
60985 
63982 
667341 
69417 
719001 
74248 
70475 



7.78594 
80ol5 
82545 
843V3 
86160 
878701 
89509 
91085 
92612 
94084 



7.95508 
96887 
98223 
99520 

8.00779 
02002 
0>li/2 
04350 
05478 
06578 



8.07650 
08696 
09718 
10717 
11693 
12647 
13581 
14495 
15391 
1G268 



8.17128 
17971 
18798 
19610 
20407 
21189 
21958 
227l3 
23456 
24186 



Co-sine • 



lU.uOOOO 



Timf^cnt* 



0.000000 



10.00000 

ouooo 

00000 
iXXXX) 
00000 
00000 

ouooo 

00000 
00000 
00000 



10.00000 
00000 
00000 
00000 
00000 
00000 
9.99999 
99999 
99999 
99999 



9.99999 
99999 
99999 



99999 
99999 
99999 
99999 
99999 
99998 
99998 



9.99998 
99998 
99998 
99998 
99998 

' 99998 
99997 
999i^7 
99997 
99997 



9.99997 
99997 
99997 
99996 
99996 
99996 
99996 
99996 
99996 
99995 



9.99995 
99995 
99995 
99995 
99994 
99994 
99994 
99994 
99994 
99993 



Siii 



c 



C«»-taiig. 



Infiutte • 



6.46373 
76476 
94085 

7.06579 
16270 
24188 
30882 
36682 
41797 
46373 



7.50512 
54291 
57767 
60986 
63982 
66785 
69418 
71900 
74248 
76476 

7.78595 
80615 
82546 
84394 
86167 
87871 
89510 
91089 
92613 
94086 



13.53627 
23524 
05915 

12.93421 
83730 
75812 
69118 
63318 
58203 
53627 

12.49488 
45709 
42233 
39014 
36018 
33215 
30582 
28100 
25752 
23524 



7.95510 
96889 
98225 
99522 

8.00781 
02004 
03194 
04353 
05481 
06581 



8.07653 
08700 
09722 
10720 
11696 
12651 
13585 
14500 
15395 
16273 



8.17133 
17976 
18804 
19616 
20413 
21195 
21964 
22720 
2346iJ 
24192 



Co-tan 17 • 



Secant. 



10.00000 



Co-«ecant 



10,00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 



lithfi%te . 
13733627 



10.00000 
00000 
00000 
00000 
00000 
00000 
00001 
OOOOl 
00001 
00001 



12.21405 
19385 
17454 
15606 
13833 
12129 
10490 
08911 
07387 
05914 



12.04490 
03111 
qi775 
00478 

11.99219 
97996 
96806 
95647 
94519 
93419 



11.92347 
91300 
90278 
89280 
88304 
87349 
86415 
85500 
84695 
83727 



11.82867 
82024 
81196 
80384 
79587 
78805 
78036 
77280 
76538 
75808 



Tan^; 



10.00001 
00001 
00001 
00001 
00001 
OOOOll 
00001 
00001 
00002 
00002 

10.00002 
00002 
00002 
00002 
00002 
00002 
00003 
00003 
00003 
00003 




10.00003 
00003 
00003 
00004 
00004 
00004 
00004 
00004 
00004 
00005 



10.00005 
00005 
00005 
00005 
00006 
00006 
00006 
00006 
00006 
00007 



59 
235241 58 
05915 



» 




12-49488| 49 

45709 48 

42233 47 

39015 46 

36018 45 

33216 44 

30583 43 

28100 42 

25753 41 

23525 40 



12.2140^ o9 
19385 38 
17455 37 
15607 36 



12.04492 
03113 
01777 
OO480 

11.99221 
97998 
96808 
95650 
94522 
93422 



11.92350 
91304 
90382 
89283 
88307 
87353 
86419 
S5505 
84609 
- 83732 



11.82872 
82029 
81202 
803 
79593 
78811 



29 
28 

27 
26 
25 

24 
23 
33 
21 

19 
18 

tr 

16 
15 
14 
13 
13 
11 
10 

9 
•8 
7 
6 
5 
4 



780421 5 

77287 

76544 

75814 



Co-secant » Secant. 



3 
1 





1 



89 Degrees, 



Artificial Sines, Tang, and Sec. 1 Degree. 109 



M. 


Sine. 


Co-sine . 


Tangent. 


Co-tanf^. 


Secant. 


Co-secant. 







8.24185 


9.99993 


8.24192 


11.75808 


10.00007 


11.75814 


60 


1 


24903 


99993 


24910 


75090 


00007 


75097 


59 


2 


25609 


99993 


25616 


74384 


00007 


74391 


58 


3 


36304 


99993 


26312 


73688 


00007 


73696 


57 


4 


26988 


999^ 


26996 


73004 


00008 


73012 


56 


5 


27661 


9999S 


27669 


72331 


00008 


72339 


55 


6 


28324 


999^2 


28332 


71668 


00008 


71676 


54 


7 


28977 


99992 


28986 


71014 


00008 


71023 


53 


8 
9 


29621 


99992 


29629 


70371 


00008 


70379 


52 


30255 


99991 


30263 


69737 


00009 


69745 


51 


10 


8.30879 


9.99991 


8.30888 


11.69112 


10.00009 


11.69121 50 
68505149 


11 


31495 


99991 


31505 


68495 


00009 


12 


32103 


99990 


32112 


67888 


00010 


67897; 48 


13 


32702 


99990 


32711 


67289 


00010 


67298' 


47 


U 


33292 


99990 


33302 


66698 


00010 


66708! 46 1 


15 


33875 


99990 


33886 


66114 


00010 


66125 


45 


16 


34450 


99989 


34461 


655J9 


00011 


65550 44 1 


17 


35018 


99989 


35029 


64971 


00011 


64982 


43 


18 


35578 


99989 


35590 


64410 


00011 


64422 


42 


19 


36131 


99989 


36143 


63857 


00011 


63869 


41 


20 


8.36678 


9.99988 


8.36689 


11.63311 


10.00012 


11.63322 


40 


21 


37217 


9998§ 


37229 


62771 


00012 


62783 


39 


22 


37750 


99988 


37762 


62238 


00012 


62250 


38 


23 


38276 


99987 


38289 


61711 


00013 


61724 


37 


24 


38796 


99987 


38809 


61191 


00013 


61204 


36 


25 


39310 


99987 


39323 


60677 


00013 


60690 


35 


26 


39818 


99986 


39832 


60168 


00014 


60182 


34 


27 


40320 


99986 


40334 


59666 


00014 


59680 


33 


28 


40816 


99986 


40830 


59170 


00014 


59184 


32 


29 
"30" 


41307 


99985 


41321 


58679 


00015 


58693 


31 
30 


8.41792 


9.99985 


8.41807 


11.58193 


10.00015 


11.58208 


31 


42272 


99985 


42287 


57713 


00015 


57728 


29 


32 


42/^46 


99984 


42762 


57238 


00016 


57254 


28 


33 


43216 


99984 


43232 


56768 


00016 


56784 


27 


34 


43680 


99984 


43696 


56304 


00016 


56320 


26 


35 


44139 


99983 


44156 


55844 


00017 


55861 


25 


36 


44594 


99983 


44611 


55389 


00017 


55406 


24 


37 


45044 


99983 


45061 


54939 


00017 


54956 


23 


38 


45489 


99982 


45507 


54493 


00018 


54511 


22 


39 
40 


45930 


99982 


45948 


54052 


00018 


54070 


21 
20 


8.46366 


9.99982 


8.46385 


11 53615 


10.00018 


11.53634 


41 


46799 


99981 


46817 


53183 


00019 


53201 


19 


42 


47226 


9^81 


47245 


5275S 


00019 


52774 


18 


43 


47650 


99981 


47669 


jL 52331 


00019 


52350 


17 


44 


48069 


99980 


48089 


51911 


00020 


51931 


16 


45 


48485 


99980 


48505 


51495 


00020 


51515 


15 


46 


48896 


* 99979 


48917 


51083 


00021 


51104 


14 


47 


49304 


99979 


49325 


S067S 


00021 


50696 


13 


48, 


49708 


99979 


49729 


50271 


00021 


50292 


12 


49 
50" 


50108 


99978 


50130 


49870 


00022 


49892 


11 

10 


8.50504 


9.99978 


8.50527 


11 49473 


10.00022 


11.49496 


51 


50897 


99977 


50920 


49080 


00023 


49103 


9 


52 


51287 


99977 


•51310 


48690 


00023 


48713 


8 


53 


51673 


99977 


51696 


48304 


00023 


48327 


7 


54 


52055 


99976 


52079 


47921 


00024 


47945 


6 


55 


^^434 


99976 


52459 


47541 


00024 


47566 


5 


56 


52810 


99975 


52835 


47165 


00025 


47190 


4 


sn 


53183 


99975 


53208 


46792 


00025 


46817 


3 


58 


53552 


99974 


53578 


46422 


00026 


46448 


2 


59 


53919 


99974 


53945 


46055 


00026 


46081 


1 


60 


54332 


99974 


54308 


45692 


00026 


45718 





Co-sine. 


Sine. 


Co-tan^. 


Tang. 


Co-secant 1 


Secant. 


M. 



88 Degrees. 



110 ArtiSeid Sim, Tang, aid Sec. S Dcgiecs. 



AAUIcid Sines, Tang, and Sec. 3 Degrees. Ill 



Artificial Sines, Taag. and Sec. 5 Degrees. 113 



M. 




Sine . 


Co -sine. 


Tantrpnt. 


Co-tanp^. 


Secant. 


uo secant. 


60 


8.94030 


9.99834 


8.94195 


11.05805 


10.00166 


11.05970 


1 


94174 


99833 


94340 


05660 


00167 


05826 


59 


2 


94317 


99832 


94485 


05515 


00168 


05683 


58 


3 


94461 


99831 


94630 


05370 


00169 


05539 


57 


4 


94603 


99830 


94773 


05227 


00170 


05397 


56 


5 


94746 


99829 


94917 


05083 


00171 


05234 


55 


6 


94887 


99828 


95060 


04940 


00172 


05113 


54 


7 


95029 


99827 


95202 


04798 


00173 


04971 


53 


8 


95170 


99825 


95344 


04656 


00175 


04830 


5^ 


^ 


95310 


99824 


95486 


04514 


00176 
10.00177 


04690 


51 
50 


10 


8.95450 


9.99823 


8.95627 


11.04373 


11.04550 


^ M 


95589 


99822 


95767 


04233 


00178 


.04411 


49 


12 


95728 


99821 


95908 


04092 


00179 


04272 


48 


13 


95867 


99820 


96047 


0S953 


001 8P 


04133 


47 


14 


96005 


99819 


96187 


03813 


. 00181 


03995 


46 


15 


96143 


99817 


96325 


03675 


00183 


03857 


45 


16 


96280 


99816 


96464 


03536 


00184 


03720 


44 


, 1^ 


96417 


99815 


96602 


03398 


00185 


^ 03583 


43 


' 18 


96553 


99814 


96739 


03261 


00186 


03447 


42 


19 


96689 


99813 


9§877 


03123 


00187 


03311 


41 


20 


^.96825 


9.99812 


8.97013 


11 02987 


10.00188 


11.03175 


40 


21 


^ 96960 


99810 


97150 


02850 


00190 


03040 


39 


22 


97095 


99809 


97285 


02715 


00191 


02905 


38 


: 23 


97229 


99808 


97421 


02579 


00192 


02771 


37 


, 24 


97363 


99807 


97556 


02444 


00193 


02637 


36 


\ 25 


97496 


99806 


97691 


02309 


00194 


02504 


35 


26 


97629 


998Q4 


97825 


02175 


» 00196 


02371 


34 


27 


97762 


99803 


97959 


02041 


00197 


02238 


33 


28 


97894 


99&02 


98092 


01908 


00198 


02106 


32 


29 


98026 


99801 


98225 


01775 


001|99 


01974 


31 
30 


30 


8.98157 


9.99800 


8.98358 


11.01642 


10.00200 


11.01843 


31 


98288 


99798 


98490 


01510 


00202 


01712 


29 


32 


98419 


99797 


98622 


* 01378 


00203 


01581 


28 


33 


98549 


99796 


' 98753 


01247 


00204 


01451 


27 


34 


98679 


99795 


98884 


01116 


00205 


01321 


26 


35 


98808 


99793 


99015 


00985 


00207 


01192 


25 


36 


98937 


99792 


99145 


00855 


00208 


01063 


24 


2:r 


99066 


99791 


99275 


00725 


.00209 


00934 


23 


38 


99194 


99790 


99405 


• 00595 


• 00210 


00806 


22 


39 
40 


99322 


99788 


99534 


00466 


00211 


00678 


21 



8.99450 


9.99787 


8.99662 


11.00338 


10.00213 


11.00550 


41 


99577 


99786 


99791 


00209 


00214 


00423 


19 


42 


99704 


99785 


99919 


00081 


00215 


00296 


18 


43 


99830 


99783 


9.00046 


10.99954 


00217 


00170 


17 


44 


99956 


997* 


00174 


99826 


0021 S 


00044 


16 


45 


9.00082 


99781 


00301 


99699 


00219 


10.99918 


15 


46 


00207 


99780 


00427 


99573 


00220 


99793 


14 


47 


00332 


99778 


00553 


99447 


00222 


99668 


13 


48 


00456 


99777 


00679 


99321 


00223 


99544 


12 


49 
50 


00581 


99776 


00805 


99195 


. 00224 


99419 


11 
10 


9.00704 


9.9y775 


9.00930 


10.99070 


10.00225 


10.99296 


51 


00828 


99773 


01055 


98945 


00227 


99172 


9 


52 


00951 


99772 


01179 


98821 


00228 


99049 


8 


53 


01074 


99771 


01303 


98697 


00.;29 


98926 


7 


54 


01196 


99769 


01427 


98573 


•00231 


98804 


6 


55 


01318 


99768 


. 01550 


98450 


00232 


98682 


5 


5% 


01440 


99767 


01673 


98327 


00233 


98560 


4 


57 


01561 


99765 


01796 


98204 


00235 


98439 


3 


58 


01682 


99764 


01918 


98082 


00236 


98318 


2 


59 


01803 


99763 


02040 


97960 


00237 


98197 


1 


60 


01923 


99761 


02162 


97838 


00239 


98077 







Co-sine . 


Stnie. 


Co-tangr. 


Tanprent. 


Cu-secant. 


Secant.' 



. I 



84 Degrees. 



. 114 Artificial Sii^, Tang, and Sec 6 Degrees. 



Artificial Sines, Tarig. and Sec. 7 Degrees. 115 



M. 


-Sine. 


Co-sine. 


Tangent. 


Co-tang.' 


Secant. 


Co-secani 







9.08589 


- 9,99675 


9.08914 


10.91086 


10.00325 


10.91411 


60 


1 


08692 


99674 


09019 


90981 


00326 


91308 


59 


3 


. 08795 


^672 


09123 


90877 


00328 


91205 
91103 


58 


3 


08897 


99670 


09227 


90773 


00330 


57 


4 


08999 


99669 


09330 


' 90670 


00331 


91001 


56 


5 


09101 


99667 


09434 


90566 


00333 


90899 


55 


6 


09202 


99666 


09537 


90463 


00334 


90798 


54 


7- 


09304 


99664 


09640 


90360 


00336 


90696 


53 


8 


09405 


S9663 


09742 


90258 


00337 


90595 


52 


9 


09506 


99661 


09845 


,90155 


00339 


90494 


51 
50 


10 


9.09606 


9.99659 


9.09947 


10.90053 


10.00341 


10.90394 


11 


09707 


99658 


10049 


89951 


00342 


90293 


49 


12 


09807 


99656 


10150 


89850 


00344 


90193 


48 


13 


09907 


99655 


10252 


89748 


00345 


90093 


47 


14 


10006 


99653 


10353 


89647 


00347 


89994 


46 


15 


10106 


99651 


10454 


89546 


00349 


89894 


45 


16 


10205 


99650 


10555 


^89445 


00350 


89795 


44 


17 


10304 


99648 


10656 


89344 


00352 


89696 


43 


18 


10402 


99647 


10756 


89244 


00353 


89598 


42 


19 


10501 


9964*5 


10856 


89144 


00355 


89499 


41 

40 


20 


9.10599 


9.99643 


9.10956 


10.89044 


10.00357 


10.89401 


21 


10697 


99642 


11056 


88944 


00358 


89303 


39 


22 


10795 


99640 


11155 


88845 


00360 


89205 


38 


23 


10893 


99638 


11254 


88746 


00362 


89K)7 


•37 


24 


10990 


99637 


11353 


88647 


00363 


89010 


36 


25 


11087 


99635 


11452 


88548 


00365 


88913 


35 


26 


11184 


99633 


lUsi 


88449 


00367 


88816 


34 


27 


11281 


99632 


11649 


88351 


00368 


88719 


33 


28 


11377 


99630 


11747 


[ 88253 


00370 


88623 


32 


29 


11474 


99629 


11845 


88155 


00371 


88526 


31 
30 


30 


9.11570 


9.99627 


9.11943 


10.88057 


10.00373 


10.88430 


31 


11666 


99625 


12040 


87960 


00375 


88334 


29 


32 


11761 


99624 


12138 


87862 


00376 


88239 


28 


33 


11857 


99622 


12235 


87765 


00378 


^ 88143 


27 


34 


11952 


99620 


12332 


87668 


00380 


88048 


26 


35 


12047 


99618 


12428 


87572 


00382 


87953 


25 


; 36 


12142 


99617 


12525 


87475 


00383 


• 87858 


24 


:37 


12236 


99615 


12621 


87379 


. 00385 


87764 


23 


:38 


'12331 


99613 


12717 


87283 


00387 


87669 


22 


39 


12425 


99612 


12813 


87187 


00388 


97575 


21 

20 


40 


9.12519 


9.99610 


9.12909 


10.87091 


10.00390 


10.87481 


41 


12612 


99608 


.13004 


86996 


00392 


87388 


19 


i, 42 


12706 


99607 


13099 


86901 


003y3 


87294 


18 


f 43 


12799 


99605 


13194 


86806 


00395 


87201 


17 


44 


12892 


99603 


13289 


86711 


00397 


87108 


16 


45 


12985 


99601 


13384 


^86616 


00399 


87015 


15 


46 


13078 


99600 


13478 


86522 


00400 


86922 


14 


,47 


13171 


99598 


13573 


• 86427 


00402 


86829 


13 


48 


13263 


99596 


13667 


86333 


00404 


86737 


12 


49 
50 


13355 


99595 


13761 


86239 


00405 


86645 


11 

10 


9.13447 


9.99593 


9.13854 


10.86146 


10.00407 


10.86553 


51 


13539 


99591 


13948 


86052 


00409 


86461 


9 


52 


13630 


99589 


14041 


85959 


00411 


86370 


8 


53 


13722 


99588 


14134 


85866 


00412 


86278 


7 


54 


13813 


99586 


14227 


S5773 


00414 


^ 86187 


. 6 


55 


13904 


99584 


14320 


85680 


00416 


86096 


5 


56 


13994 


99582 


14412 


S5588 


00418 


86006 


4 


57 


14085 


99581 


14504 


85496 


00419 


85915 


3 


58 


14175 


99579 


14597 


85403 


00421 


; 85825 


2 


59 


14266 


99577 


14688 


85312 


00423 


85734 


1 


60 


14356 


99575 


14780 


85220 


00425 
Co-secant. 


85644 





Co-sine. 


Sine. 


Co-tang. 


Tangent. 


. Secant. 


BrLu 



82 Degreesi 



116 Artificial Sines, Tang, and Sec 8 Degrees. 



M. 


Sine. 


C •►->•»' c • 


i aa^erC 


Co UiifT- 


Secant. 


Co-9ecani 


'UJ 





9.1435G 


9.99575 


9. 14780 


I0.»32:o 


10.00425 


10.8564 


4 in 


1 


14445 


99574 


14872 


85128 


00436} a5555f 59 I 


3 


14536 


99572 


1496:3 


85037 


00438 


85465 56 


3 


I4<i24 


99370 


15054 


84946 


00f30 


85376 S7 


4 


14714 


99568 


15145 


84855 


00432 


%S286 56 


5 


14803 


99566 


15236 


84764 


00434 


851977 55 


6 


14«91 


9<)363 


15327 


84673 


00435 


85lQ9f 54 


7 


14980 


99.^63 


15417 


84583 


0{A37 


S5C^53/ 


8 


loij6\i 


99361 


15508 


84493 


00439 


84931 53 ' 


9 


131 JT 


9i^339 


15398 


84402 


00441 


84843 51 


10 


9.13343 


9 9.)33r 


9.15688 


10.84312 


10.00443 


10.84755 Sb 


li 


^ •• " ^ ■» 


9*.i336 


15777 


84223 


00444 


84667 49 


12 


154:1 


99334 


15867 


84133 


00446 


84579 48 


1> 


1330" 


9'->i3- 


15936 


84044 


00448 


84492 47 


14 


133'.'*^ 


9^i;>3o 


16046 


83954 


00450 


84404 46 


15 


i3oa; 


*>*.\i ;k 


16135 


8586,5 


e0452 


84317 45 


16 


15770 


99i46 


ldJ24 


83776 


00454 


84230 44 


17 


15^37 


99343 


16312 


83688 


00455 


84143(43 


18 


139 U 


99343 


164ul 


83599 


00457 


84056^42 


19 

20 


l*^J^(^ 


99341 


16489 


83511 


00459 


83970|41 


9.16110 


9. L 9539 


9.16577 


10.83423 


10.00461 


10.83884 


40 


21 


1(V?0.; 


'.^537 


16665 


83335 


00463 


83797 


S9 


22 


Kv'S-^ 


99333 


16753 


83247 


00465 


8S711 


38 


23 


16374 


99533 


16841 


83159 


00467 


83626 


37 


24 


1646) 


99332 


16928 


83072 


00468 




36 


25 


1634 S 


99330 


17016 


82984 


00470 


834^55 


26 


1WV31 


99328 


17103 


82897 


00472 
00474 


8S369 34 


27 


16716 


99526 


17190 


82810 


83284 33 


28 


ICNJl 


99324 


17277 


82723 


00476 


83199\ 32 


29 


I6080 


99322 


17363 


82637 


00478 


83114 31 


30 


9.16970 


9.99320 


9.17450 


10 82550 


10.00480 


10.&3030 30 


31 


17033 


99518 


17536 


82464 


00483 


82945 


29 




17139 


99517 


17622 


82378 


C0483 


82861 


28 




17223 


99515 


17708 


82292 


00485 


82777 


27 


34 


17307 


99513 


17794 


82206 


00487 


82693 


36 


:j5 


173^.' 1 


99511 


17880 


82120 


00489 


82609 


35 


36 


17474 


99509 


17965 


82035 


00491 


82526 


24 




17538 


99307 


18051 


81949 


00493 


82442 


23 


3S 


17641 


99505 


18136 


81864 


00495 


82359 


22 


39 
40 


17724 


99305 


18221 


.81779 


00497 


82276 


n 


9.17aL.7 


9 99501 


9.18306 


10.81694 


10.00499 


10.82192 


20 


41 


17890 


99499 


18391 


81609 


00501 


82110 


19 


42 


. 17973 


99497 


18475 


81525 


00503 


82027 


18 


43 


18053 


99495 


18560 


81440 


00505 


81945 


n 


44 


18137 


99494 


18644 


81356 


00506 


81863 


16 


45 


18220 


99492 


18728 


81272 


00508 


81780 


15 


46 


18302 


99490 


18812 


81188 


00510 


81698 


14 


47 


18383 


994«8 


18896 


^ 81104 


00512 


81617 


13 


48 


18465 


99486 


18979 


81021 


00514 


81535 


12 


49 

6'i 


18547 


99484 


19o63 


80937 


00516 


81453 


11 


9.18028 


9.994S2 


9.19146 


10.80854 


10.00518 


10.81372 


10 


51 


iero9 


9948O 


19229 


80771 


00520 


81291 


9 


'52 


18790 


99478 


19312 


80688 


00522 


81210 


8 


53 


' 18871 


99476 


19395 


806j5 


00524 


81129 


7 


54 


18952 


99474 


19478 


805^2 


00526 


81048 


6 


5,5 


19033 


99472 


19561 


' 80439 


00528 


80967 


5 


oO 


19113 


99470 


19643 


80357 


00530 


80887 4 


57 


19193 


99468 


19725 


80275 


00532 


80807 5 


58 


19273 


99466 


19807 


80193 


00534 


Q0r27 


2 


59 


19353 


99464 


19889 


.80111 


00536 


80647 


1 


ti.. 


, 19433 


99462 


19971 


80039 


00538 


80567 





c.o-sine. 


Slue. 


Co.un^. 


Tantreni . 


Co-secarik 


SepaiK. M.| 



81 Degrees. 



Artificial Sines, Tang, and Sec 9 Degrees. 117 



M. 


Sine. 


Co^in- . 


TaM>i<»aJ . 


'J .J-taM^; . 


Seen . 


C>:-..-i:aiil 1 





9.19433 


9.99462 


9.19971 


10.80029 


10.00538 


10.80567 


60 


X 


19513 


. 99460 


20053 


79947 


00540 


80487 


59 


2 


19592 


99458 


20134 


. 79866 


00542 


-- 80408 


58 


3 


19672 


99456 


20216 


79784 


00544 


8032a 


sr 


4 


19751 


99454 


20297 


79703 


00546 


80249 


56 


5 


19830 


99452 


20378 


79622 


00548 


80170 "55! 


6 


19909 


99450 


20459 


79541 


O0550 


80O91 


54 


7 


19988 


99448 


20540 


79460 


00552 


80012 53 1 


8 


20067 


99446 


20621 


79379 


00554 


79933 


52 


9 


20145 


99444 


20701 


79299 


0055^ 


79855 


51 
50 


"10 


9.20223 


•9.99442 


9.2078^ 


■10.79218 


10.00J58 


10 79777 


11 


20302 


99440 


20862 


79138 


00560 




49 


12 


20380 


99438 


20942 


,79058 


, 00562 


79620 


48 


13 


20458 


99436 


21022 


78978 


00564 


79542 


47 


U 


20535 


99434 


21102 


78898 


00566 


79465 


46 


15 


20613 


99432 


21181 


78818 


00568 


« 79387 


45 


16 


20691 


99429 


21261 


78739 


00571 


79309 


44 


17 


20768 


99427 


21341 


78659 


00573 


79232 


43 


18 


20845 


99425 


21420 


78580 


00575 


79155 


42 


19 


20j22 


99423 


21499 


78501 


00577 


79078 


41 


30 


9.20999 


9.99421 


9.21578 


10.78422 


10.00579 


I0.7900ij 


40 


21 


21076 


99419 


2165f 


78J43 


00581 


#8924 


39 


22 


21153 


99417 


21736 


78264 


00583 


78847 


38 


23 


21229 


99415 


21814 


78186 


00585 


< ^8771 


37 


24 


21306 


99413 


21893 


78107 


00587 


78694 


36 


25 


21382 


99411 


21971 


78029 


00589 


78618 


35 


26 


21458 


39409 


22049 


77951 


00591 


78542 


34 


27 


21534 


*99407 


22127 


77873 


00593 


78466 


33 


28 


21610 


99404 


22205 


77795 


00596 


78390 


32 


29 
30 


21685 


99402 


* 22283 


77717 


00598 


78315 


31 


9.21761 


9.99400 


9.22361 


10.77639 


10.00600 


10.78239 


30 


31 


21836 


99398 


22438 


77562 


00602 


78164 


29 


32 


21912 


99396 


22516 


77484 


00604 


78088 


28 


33 


21987 


99394 


22593 


774ffr 


00606 


7801., 


27 


34 


22062 


99392 


22670 


77330 


00608 


77938 


26 


35 


' 2213r 


99390 


22747 


77253 


* 00610 


77863 


25 


36 


22211 


99388 


22824 


77176 


00612 


77789 


24 


3r 

38 


22286 


99385 


22901 


77099 


00615 


777U 


23 


22361 


99383 


22977 


77023 


00617 


77639 


22 


39 
40 


22435 


99381 


23054 


76946 


00619 


77565 


21 


9.22509 


9.99379 


9.23130 


10.76870 


10.00621 


10.77491 


20 


41 


22583 


99377 


23206 


76794 


00623 


77417 


19 


♦2 


22657 


99375 


23283 


7^717 


00625 


77343 


18 


f? 


22731 


99372 


23^ 


76641 


00628 


77269 


17 


44 


22805 


99370 


23435 


76565 


00630 


77195 


16 


45 


22878 


99368 


23510 


76490 


0063^ 


77122 


15 


46 


22952 


99366 


23586 


76414 


* 00634 


• 77048 


14 


47 


23025 


99364 


23661 


76339 


00636 


76975 


13 


48 


23098 


99362 


23737 


7.6263 


00638 


76902 


12 


49 
50 


23171 


99359 


23812 


76188 


00641 


76829 


11 
10 


9.23244 


9,99357 


9.23887 


10.76113 


10.60643 


10.76756 


51 


23317 


99355 


23962 


76038 


00645 


76683 


9 


52 


23390 


d9353 


2403/ 


75963 


00647 


76610 


8 


53 


23462 


99351 


24112 


75888 


00649 


76538 


7 


54 


23535 


99348 


24186 


75814 


00652 


76465 


6 


55 


23607 


99346 


24261 


75739 


00654 


76393 


5 


56 


23679 


99344 


24335 


75665 


00656 


76321 


4 


57 


23752 


99342 


24410 


75590 


00658 


76248 


3 


58 


. 23823 


99340 


24484 


75516 


00660 


76177 


2 


5 


23895 


99337 


24558 


75442 


00663 


76105 


1 


' 60 


_ 33967 


99305 


24632 


75368 


00665 


76033 



M. 


Sine . 


Co-tang-. 


Tangr 


Co-9ccani 


Std^. 



80 Degrees. 



118 Artificiid Sines, Tang, and Sec 10 Degrees. 



79 Degrees. 



Artificial Sines, Tang« and Sec^. 1.1 Degrees. 119 



Sine. 


[ Co-sine. 
9.9919^ 


Tangent. 


9.28060 


9.28865 


28125 


99192 


28933 


28190 


99190 


29000 


28254 


'99187 


29067 


28319 


99185 


29^34 


28384 


99182 


29201 


28448 


99180 


29268 


28512 


99177 


29335 


23577 


99175 


29402 


28641 


99172 


29468 


9.28705 


9.99170 


9.29535 


28769 


99167 


29601 


28833 


99165 


29668 


28896 


99162 


29734 


28960 


99160 


29800 


29024 


99157 


29866 


29087 


99155 


29932 


29150 


99152 


29998 


29214 


99150 


30064 


29277 


99147 


30130 


9.29340 


9.99145 


9.30195 


29403 


99142 


30261 


29466 


99140 


. 30326 


29529 


99137 


30391 


29591 


99135 


30457 


29654 


99132 


30522 


29716 


99130 


• 30587 


. 29779 


99127 


30652 


29841 


99124 


30717 


29903 


99122 


, 30782 


9.29966 


9.99119 


9.30846 


30028 


99117 


30911 


30090 


99114 


309r5 


30151 


99112 


31040 


30213 


99109 


31104 


30275 


99106 


2(1168 


30336 


99104 


31233 


30398 


99101 


31297 


30459 


99099 


31361 


30521 


99096 


31425 


9.30582 


9.99093 


9.31489 


30643 


99091 


31552 


30704 


99088 


31616 


30765 


99086 


31079 


30826 


99083 


31743 


30887 


99080 


31806 


30947 


99078 


31870 


31008 


99075 


34933 


31068 


99072 


31996 


31129 


99070 


32059 


9.31189 


9.99067 


9.{32122 


31250 


99064 


32185 


31310 


99062 


32248 


31370 


99059 


32311 


31430 


99056 


32373 


31490 


99054 


32436 


31549 


99051 


32496 


31609 


90048 


32561 


31669 


99046 


32623 


31728 


99043 


32685 


31788 


99040 


32747 


Co-sine. 


Sine. 


Co-tanK*. 



Go-tan^. 

10.71135 
71067 
71000 
70933 
70866 
' 70799 
70732 
70665 
70598 
70532 



Secant. 



^0.70465 
70399 
70332 
70266 
70200 
70134 
70068 
Y0002 
69936 
69870 

10.69805 
69739 
69674 
69609 
69543 
69478 
694J3 
69348 
69283 
69218 



10.69154 
69089 
69025 
68960 
68896 
68832 
68767 
68703 
68639 
68575 



10.68511 
68448 
68384 
68321 
68257 
68194 
68130J 
68067 
68004 
67941 



10.00805 
00808 
00810 
00813 
00815 
.00818 
00820 
00823 

^ 00825 
00828 



10. 



10.67878 
67815 
67752 
67689 
67627 
67564 
67502 
67439 
67377 
67315 
67253 



00830 
00833 
00835 
00838 
00840 
00843 
00845 
00848 
00850 
00853 



10.00855 
00858 
00860 
00863 
00865 
00868 
00870 
00873 
00876 
00878 



Co-secant. 



10.00881 
00883 
00886 
0088S 
00891 
00894 
00896 
00899 
00901 
00904 



10.00907 
00909 
00912 
00914 
' 00917 
00920 
00922 
00925 
00928 
00930 



10.00933 
00936 
00938 
00941 
00944 
00946 
00949 
00952 
00954 
00957 
00960 



10.71940 
71875 
71810 
71746 
71681 
71616 
71552 
71488 
71423 
71359 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 



10.71295 50 

71231 49 

71167 48 

71104 47 

71040 46 

70976 45 

70913 44 

70850 43 

70786; 42 

70723 41 

10.70660 40 
70597) 39 
70534J 38 



70471 
70409 
70346 
70284 
70221 
70159 
70097 



10.70034 
69972 
69910 
69849 
69787 
69725 
69664 
69602 
69541 
69479 



10.69418 
69357 
69296 
69235 
69174 
69113 
69053 
68992 
68932 
68871 

10.68811 
68750 
68690 
68630 
68570 
68510 
68451 
68391 
68331 
68272 



10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
682121 



37 
36 
35 
34 
33 
32 
31 



30 

29 

28 

27 

26 

25 

24 

23' 

.22 

21 



20 
19 
18 
17 
16 
15 
14 
13 
12 
11 



78 Degrees. 



Cu*&ecant Secant*. ' M. 



120 Artificial Sines, Tang, and Sec; 12 Degrees. 



I M. 


Sin*'. 


Co sine. 


Tanf^nt. 


Co-unj^. 


Secant. 


C^o-Mcaot 


: / 





9.31788 


9.99040 


9.32747 


10.67253 


10.00960 


10.68212 


6(l| 


1 


31847 


99038 


32810 


67190 


00962 


68153 


59 


3 


31907 


99035 


32872 


67128 


0096S 


680931 58 


3 


31966 


99032 


32933 


67067 


00968 


68034 57 


4 


32025 


99a30f 32995 


67005 


009701 679751 56 [ 


5 


32084 


9f>327 


33057 


66943 


00973 


679i<^55l 


6 


32143 


99024 


33119 


66881 


^00976 


^a^n 54 1 


7 


32202 


99022 


33180 


66820 


009781 677961 53 J 


8 


..2261 


9901^ 


33242 


66758 


00981 


67739' 52 1 


9 


32319 


99016 


33303 
9.33365 


66697 


00984 


676811 51 f 


10 


9.32378 


9.99013 


10.66635 


10.00987 


10.67622 


al 


11 


32437 


99011 


33426 


66574 


00989 


67563 


iA 


12 


3^495 


99008 


a3487 


66513 


00992 


67505 


48 J 


13 


32553 


9)005 


33548 


66452 


00995 


67447 47 1 


14 


32612 


99002 


33609 


66391 


00998 


67388 4& \ 


15 


32670 


99000 


33670 


66330 


01000 


6733C 


45 


16 


32728 


98997 


33731 


C6269 


01003 


67272 


44 


17 


32786 


98994 


3.1792 


66208 


01006 


67214 


43, 


18 


32844 


98991 


33853 


66147 


01009 


67156 


43 


19 

20 


3 902 


98989 


33913 


66J87 


OiOll 


67098 


41 


9..J296U 


9.98986 


9.33974 


10.66026 


10.01014 


10.6704d 


40 


21 


33018 


98983 


3403^ 


65966 


01017 66982 


39 


22 


33075 


98980 


34095 


65905 


01020 60925 


38 


2.1 


33133 


98978 


34155 


65845 


01022 


66867 


37 


24 


33190 


98975 


3*215 


65785 


01025 


66810 


36 


25 


3.1248 


98972 


34^6 


65724 


01028 


66r5^ 


SS 


26 


33305 


98.>69 


34336 


65664 


01031 


66695 3* 


27 


33362 


98967 


34396 


65604 


ai033 


6663 33 


28 


33420 


98964 


34456 


65544 


01036 


665»A32 


29 
.10 


33477 


98961 


34516 


65484 


01039 


66523 31 


9.33534 


9.98958 


9.34576 


10.65424 


10.01042 


10.66466 30 


31 


33591 


98955 


34635 


65365 


01045 


66409 29 


32 


33647 


9895S 


. 34695 


65305 


01047 


66353 28 


3/? 


33704 


98950 


34755 


65245 


01050 


66296 


27 


34 


33761 


98947 


3481 1 


65166 


01053 


66239 


26 


35 


33818 


9894i 


34874 


65126 


01056 


66182 


25 


36 


33874 


98941 


34933 


65067 


01059 


66126 


24 


37 


33931 


98938 


34992 


65008 


01062 


66069 


23 


38- 


33087 


98936 


35051 


64949 


01064 


66013 


22 


39 


34043 


98933 


35111 


64889 


01067 


65957 


21 


40 


9.34100 


9.98930 


9.35170 


10.64830 


10.01070 


10.65900 


20 


41 


34156 


98927 


35229 


64771 


01073 


65844 


19 


42 


34212 


98924 


35288 


64712 


01076 


65788 


18 


43 


34268 


98921 


35347 


64653 


01079 


65732 


17 


44 


34324 


98919 


35405 


645^5 


01081 


65676 


16 


45 


34380 


98916 


35464 


64536 


01084 


65620 


15 


46 


34436 


98913 


35523 


64477 


01087 


65564 


14 


47 


34491 


98910 


35581 


64419 


01090 


65509 


13 


48 


34547 


98907 


35640 


. 64360 


01093 


65453 


12 


49 
50 


34602 


98904 


35698 


64302 


01096 


65398 


11 
"iT 


9.346.58 


9.98901 


9.35757 


10.64243 


10.01099 


10.65342 


51 


34713 


98898| 


358)5 


64'85 


01102 


65287 


9 


52 


34769 


98896 


35873 


64127 


01104 


65231 


8 


53 


34824 


98893 


35931 


64069 


01107 


65176 7 


54 


34879 


98890 


35989 


64011 


OHIO 


65121 6 


SS 


34934 


98887 


36047 


63953 


01113 


65066 


5 


56 


34989 


98884 


36105 


• 63895 


01116 


65011 


4 ■ 


57 


35044 


98881 


35163 


63837 


01119 


64956 


3 


58 


35099 


98878 


36221 


63779 


01122 


64901 


2 


59 


35154 


98875 


36279 


63721 


01125 


64846 


1 


60 


35209 


98872 


36336 


63664 


01128 


64791 



M. 


Co SlMc-. 


Sine. 


Co-ta!i«^. 


Taiisf. 


Co-secanl 


Secant. 



77 Degrees. 



.<( 



Artificial S^cs» Tang, arid Sec. 13 Degrees. 121 



M. 


Sine. 


iDo'Sine. 


Tangent. 


Co-tftng. 
10.63664 


Secant. 


Cosecant. 


60 


"T" 


9.35209 


9.98872 


9.36336 


10.01128 


10.64791 


1 


35263 


98869 


36394 


63606 


01131 


64737 


59 


2 


35318 


98867 


36452 


63548 


01133 


64682 


58 


3 


35373 


98864 


36509 


63591 


01136 


64627 


57 


4 


35427 


98861 


. 36566 


63434 


01139 


64573 


56 


^ 


35481 


98858 


36624 


63376 


01142 


64518 


55 


6 


35536 


98855 


36681 


63319 


01145 


64464 


54 


7 


35590 


98852 


36738 


63262 


01148 


64410 


53 


.8 


35644 


98849 


36795 


63205 


01151 


64356 


52 


9 


35698 


98846 


36852 


63148 


01154 


N 64302 


51 
50 


10 


9.35752 


9.98843 


9.36909 


10.63091 


10.01157 


10.64248 


H 


35806 


98840 


36966 


63034 


01160 


64194 


49 


12 


35860 


98837 


37023 


62977 


01163 


64140 


48 


13 


35914 


98834 


' 37080 


62920 


01166 


64086 


47 


14 


35968 


98831 


37137 


62863 


01169 


64032 


46 


15 


36022 


98828 


37193 


62807 


01172 


63978, 


45 


16 


36075 


98825 


37250 


62750 


01175 


63925 


44 


17 


36129 


98822 


37306 


62694 


01178 


63871 


43 


18 


36182 


98819 


37381 


62637 


01181 


63818 


42 


19 


36236 


98816 


37419 


' 62581 


01184 


.63764 


41 
40 


20 


9.36289 


9.98813 


9.37476 


* 10 62524 


10.01187 


10.63711 


21 


36342 


98810 


37532 


62468 


01190 


63658 


39 


22 


36395 


, 98807 


1i7S9S 


62412 


01193 


63605 


38 


^ 


36449 


98804 


37644 


62356 


01196 


63551 


37 


^ 


36502 


98801 


37700 


62300 


01199 


63498 


36 


%5 


36555 


98798 


377S6 


62244 


01202 


63445 


35 


26 


36608 


98795 


37812 


62188 


01205 


63392 


34 


27 


36660 


98792 


37868 


62132 


01208 


63340 


33 


2* 


36713 


98789 


37924 


62076 


01211 


63287 


32 


29 


36766 


98786 


37980 


62020 


01214 


63234 


31 

30 


io 


9.36819 


9.98783 


9.38035 


10.61965 


10.01217 


10.63181 


U 


36871 


98780 


38091 


61909 


01220 


63129 


29 


32 


36924 


98777 


38147 


61853 


01223 


63076 


28 


33 


36976 


98774 


38202 


61798 


01226 


63024 


27 


?4 


37028 


98771 


38257 


61743 


01229 


62972 


26 


55 


37081 


98768 


38313 


61687 


01232 


62919 


25 


36 


37133 


98765 


38368 


61632 


01235 


62867 


24 


37 


37185 


98762 


38423 


61577 


01238 


62815 


23 


38 


37237 


98759 


38479 


61521 


01241 


62763 


22 


39 


37289 


98756 


38534 


61466 


01244 


62711 


21 

20 


io 


9.37341 


9*98753 


9.38589 


10.61411 


10*01247 


10.62659 


11 


37393 


98750 


38644 


61356 


01250 


62607 


19 


12 


37445 


98746 


38699 


61301 


01254 


62555 


18 


13 


37497 


98743 


38754 


61246 


01257 


62503 


17 


44 


37549 


98740 


388IB 


61192 


01260 


62451 


16 


45 


37600 


98737 


38863 


61137 


01263 


,62400 


15 


46 


37652 


98734 


38918 


61082 


01266 


62348 


14 


47 


37703 


98731 


38972 


61028 


01269 


62296 


13 


48 


37755 


9^28 


38027 


60973 


01272 


62245 


12 


49 


37806 


98725 


38082 


60918 


• 01275 


62194 


11 
10 


50 


9.37858 


9.98722 


9,39136 


10.60864 


10.01278 


10.-62142 


51 


37909 


98719 


39190 


< 60810 


01281 


62091 


9 


52 


37960 


98715 


39245 


£0755 


01285 


62040 


8 


53 


38011 


98712 


39299 


60701 


01288 


61989 


7 


54 


38062 


98709 


39353 


60647 


01291 


61938 


6 


SS 


38113 


98706 


39407 


60593 


01294 


61887 


5 


5^ 


38164 


98703 


39461 


60539 


01297 


61836 


4 


57 


38215 


98700 


39515 


60485 


01300 


61785 


3 


SB 


38266 


98697 


39569 


60431 


01303 


61734 


3 


59 


38317 


98694 


39623 


60377 


01306 


61683 


1 


60 


38368 


98690 


39677 


60323 


01310 


61632 







Co.sine. 


Sine. 


Co-tanf^. 


Tangent. 


Co-secant* 


Secant. M.f 



Q 



76 Pegrecs 



133 Artilicial Sines, Tang, and Sec U Degrees. 



t 

Artificial Sines, Tang, and Sec. 15 Degrees. 123 



M. 


Smv. 


/ Co-sine. 


Tang^ent. 


1 Co-tangr. 


Secant . 


Co -secant 


'm 





9.41300 


9.98494 


9.42805 


10.57195 


10.01506 


10.58700 


60 


1 


41347 


98491 


42856 


57144 


01509 


58653 


59 


2 


41394 


98488 


42906 


57094 


01512 


58606 


58 


3 


41441 


98484 


42957 


. 57043 


01516 


58559 


57 


4 


41488 


98481 


43007 


56993 


01519 


58512 


56 


5 


41535 


98477 


43057 


56943 


, 01523 


58465 


55 


6 


41582 


« 98474 


43108 


56892 


01526 


58418 


54 


7 


41628 


98471 


43158 


•56842 


01529 


58372 


53 


8 


41675 


98467 


43208 


56792 


01533 


58325 


52 


9 


41722 


98464 


43258 


56742 


01536 


53278 


51 
50 


10 


9,41768 


9.98460 


9.43308 


10.56692 


10.01540 


10.58232 


11 


41815 


• 98457 


43358 


56642 


01543 


58185 


49 


12 


41861 


98453 


43408 


5659^ 


01547 


58139 


48 


13 


41908 


98450 


43458 


56542 


01550 


58092 


47 


14 


41954 


98447 


43508 


56492 


01553 


58046 


46 


15 


42001 


98443 


43558 


56442 


01557 


. 57999 


45 


X6 


42047 


98440 


43607 


56393 


01560 


57953 


44' 


17 


42093 


98436 


43657 


56^3 


01564 


57907 


43 


18 


42140 


98433 


43707 


56293 


01567 


57860 


42 


19 


42186 


98429 


43756 


56244 


g01571 


57814 


.41 

40 


20 


Sl.42232 


9.98426 


9.43806 


10.56194 


10.01574 


10.57768 


21 


42278 


98422 


43855 


56145 


01578 


57722 39 | 


22 


4 .'334 


98419 


43905 


56095; 


01581 


57676 


38^ 


23 


42370 


98415 


43954 


56046 


01585 


57630 


37 


24 


42416 


98412 


44004 


55996 


01588 


57584 


36 


25 


42461 


98409 


44053 


55947 


01591 


57539 35 


26 


42507 


98405 


44102 


55898 


01595 


57493 34 


27 


42553 


98402 


44151 


55849 


01598 


57447| 33 


28 


42599 


I 98398 


44201 


• 55799 


01602 


574011 32 


29 
30 


42644 


98395 


44250 


55750 


01605 


57356 


31 
30 


9.42690 


9.98391 


9.44299 


10.55701 


10.01609 


10.57310 


31 


42735 


9838$ 


44348 


55652 


01612 


57265 


29 


32 


42781 


98384 


44397 


55603 


01616 


57219 


28 


33 


* 42826 


98381 


44446 


55554 


01619 


57174 


27 


34 


42872 


98377 


44495 


55505 


01623 


571^8 


26 


35 


42917 


98373 


A A tfAA 


55456 


01627 


57083 


25 


36 


42962 


98370 


44592 


. 55408 


01630 


57038 


24 


37 


43008 


98366 


44641 


55359 


01634 


56992 


23 


38 


43053 


98363 


44690 


55310 


01637 


56947 


22 


39 


43098 


98359 


44738 


55262 


01641 


56902 


21 
20 


40 
41 


9.43143 


9.98356 


9.44787 


10. 55 il^ 


10.01644 


10.56857 


43188 


98352 


448!^ 


55164 


01648 


56812 


19 


42 


43233 


98349 


44884 


55116 


61651 


56767 


18 


43 


43278 


98345 


. 44933 


55067 


01655 


56722 


17 


44 


43323 


98342 


44981 


55019 


01658 


56677 


16 


45 


43367 


98338 


45029 


54971 


01662 


56633 


15 


46 


.43412 


98334 


. 45078 


54922 


01666 


56588 


14 


47 


43457 


98331 


45126 


54874 


01669 


56543 


13 


48 


43502 


98327 


45174 


54826 


01673 


56498 


12 


49 
50 


43546 


98324 


45222 


.54778 


01676 


56454 


11 
10 


9.43591 


9.98320 


9.45271 


10.54729 


10.01680 


10.56409 


51 


43635 


98317 


45319 


^ 54681 


01683 


56365 


9 


52 


43680 


98313 


45367 


54633 


01687 


56320 


8 


53 


43724 


98309 


45415 


54585 


01691 


56276 


7 


54 


43769 


98306 


45463 


54537 


01694 


56231 


6 


55 


43813 


98302 


45511 


54489 


01698 


56187 


5 


56 


43857 


98299 


45559 


54441 


01701 


56143 


4 


57 


43901 


98295 


45606 


54394. 


01705 


56099 


3 


58 


43946 


98291 


45654 


54346 


01709 


56054i 2 


59 


43990 


98288 


45702 


54298 


01712 


560101 1 


60 


44034 


X 98284 


45750 


^ 54250 


01716 


55966 


1 


Co-sine . 


iSine . 


Co-tang-, 


Tang^ent. 


Co-secant. 


Secant. 


i M. 



74 Degrees. 



124 AraBcial Sines, Tang, and Sec 16 Degfocs. 



S.n('« 



9.44Q34 
44078 
44133 
44166 
44210 

^44253 
442971 
44341 
44385 
44428 



9.44472 
44516 
44559 
44602 
44646 
44689 
44733 
44776 
44819 
44862 



9744905 
44948 
44992 
45035 
45077 
45120 
451f>3 
45206 
45249 
45292 



9.45334 
45377 

45419 
^462 
45504 
45547 
45589 
45632 
45674 
45716 



9.45758 
45801 
45843 
45885 
45927 
45969 
46011 
46053 
4609i 
46136 



9.46178 
46220 
46262 
46:>03 
46345 
4^386 
46428 
46469 
46511 
46552 
46594 



Coftirc. 



9.98284 
98281 
98277 
98273 
98270 
98266 
98262 
98259 
98255 
98251 



998248 
98344 
98340 
98337 
98333 
98229 
98326 
98333 
98218 
#8215 



9.98311 
98307 
98204 
98200 
98196 
98192 
98189 
98185 
98181 
98177 



9.98174 
98170 
98166 
98163 
98!59 
98155 
98151 
98147 
98144 
98140 



9.98136 
98132 
98129 
98125 
98121 
98117 
98113 
98110 
98106 
98102 



9.98098 
98094 
98090 
98087 
98083 
98079 
98075 
980/1 
98067 
98063 
98060 



(*o-»me.i 



S*ne. 



Tangent < 



9.457501 
45797 
45845 
45892 
4S940 
45987 
46035 
46063 
46130 
46177 

9.46234 
46371 
46319 
46366 
46413 
46460 
46507 
46554 
46601 
4664 8 

9.46694 
46741 
46788 
46835 
46881 
46928 
46975 
47021 
47068 
47114 

9.47160 
47207 
47253 
47299 
47346 
47392 
47438 
47484 
47530 
47576 



9.47622 
47660* 
47714 
47760 
47806 
47852 
47897 
47943 
47989 
48035 



9.48080 
481 6 
48in 
48217 
48262 
48307 
48353 
48398 
48443 
48489 
48534 




54155 
54106 
54060 

54013 
53965 
53918 
53870 
53823 



10.53776 
53729 
53681 
53634 
53587 
53540 
534^ 
53446 
53399 
53353 



10< 



53306 
53359 
53212 
53165 
53119 
5S072 
53025 
52979 
52932 
52886 



10.017 
01756 
01760 
01763 
01767 
01771 
01774 
01778 
01782 
01785 



10. 



10. 



53840 
52793 
52747 
52701 
52654 
52608 
52562 
52516 
52470 
52424 



01789 
01793 
01796 
01800 
01804 
O1808 
01811/ 

oisisl 

01819 
01823 



55441 
55398 



5S3U 




49 
48 
47 
46 
45 
44 
43 
43 
41 



10.5509 
55053 
55008 

54965 

54923 



10.01826 18.S4666 



10.52378 
52332 
52286 
52240 
52194 
52148 
52103 
52057 
52011 
51965 



10.51920 
51874 
51829 
51783 
51738 
51693 
51647 
51602 
51557 
51511 
51466 



01830 
01834 
01838 
01841 
01845 
01849 
01853 
01856 
01860 



10 



,01864 
01868 
01871 
01875 
01879 
01883 
01887 
01890 
01894 
01898 



r 



10.01902 
01906 
01910 
01913 
01917 
01921 
01925 
01929 
01933 
01937 
01940 




54708 



54623^ 
54:^1 
54538 
54496 

54411 
54368 
54326 
54284 



40 
59 
38 
37 
36 
35 
34 
33 
32 
31 



10.54242 20 

54199 19 

. 54157 18 

54115 17 



30 

29 
28 
27 
26 
25 
34 
23 
22 
21 



54073 
54031 



16 
15 



53989^ 14 
539471 13 
53905 12 
53864 11 



Co-tang. I T>nj>eni .' Co- set am 

73 Degrees. ^ 



10.53822 
53780 
53738 
53697 
53655 
53614 
53572 



Secant 




10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




1 



Artifieial Sines^ Tang, and Sec. 17 Degrees. 125 





M. 




Sine. 


Co-sine.) Tangent. 


Co-tang. 


Secant. 


Co-secant. 


60 




9.46594 


9.98060 9.48534 


10.51466 


10.019401 


10.534CI6 




1 


46635 


98056 


48579 


51421 


01944 


53365 


59 




2 


'46676 


98052 


48624 


51376 


01948 


53324 


58 




- 3 


46717 


98048 


48669 


51331 


01952 


53283 


S7 




4 


46758 


98044 


48714 


51286 


01956 


53242 


56 




5 


46800 


98040 


48759 


51241 


01960 


53200 


55 




6 


46841 


98036 


48804 


51196 


01964 


53159 


54 




7 


46882 


98032 


' 48849 


51151 


01968 


531181 


53 




8 


46923 


98029 


48894 


51106 


01971 


53077 


52 




9 


46964 


98025 


48939 


51061 


01975 


53036 
10.52995 


51 

50 


;-. 


10 


9.47005 


9.98021 


9.48984 


10.51016 


10.01979 




11 


47045 


98017 


49029 


50971 


01983 


52955 


49 




12 


47086 


98013 


49073 


50927 


01987 


52914 


48 




13 


47127 


98009 


49118 


50882 


01991 


52873 


47 




U 


47168 


98005 


49163 


50837 


01995 


52832 


46 




15 


47209 


98001 


49207 


50793 


01999 


52791 


45 




16 


47249 


97997 


49252 


50748 


02003 


52751 


44 




17 


47290 


97993 


49296 


50704 


02007 


52710 


43 




18 


47330 


97989 


49341 


50659 


02011 


52670 


42 




19 


47371 


97986 


49385 


50615 


02014 


52629 


41 
40 




20 


9.474a 


9.97982 


9.49430 


10.50570 


10.02018 


10.52589 




21 


47452 


97978 


49474 


^526 


02022 


525481 39 1 




22 


47492 


97974 


49519 


504B1 


02026 


52508 


38 




23 


47533 


t 97970 


49563 


50437 


02030 


52467 


37 




24 


47573 


97966 


49607 


50393 


02034 


52427 


36 




25 


47613 


97962 


49652 


50348 


02038 


52387 


35 




26 


47654 


97958 


49696 


50304 


02042 


52346 


34 




27 


47694 


97954 


49740 


50260 


02046 


52306 


33 




28 


47734 


97950 


49784 


50216 


02050 


52266 


32 




29 

IT 


47774 


97946 


49828 


50172 


02054 


52226 


31 


«> 


9.47814 


9.97942 


9.49872 


10.50128 


10.02058 


10.52186 


30 




31 


47854 


97938 


49916 


50084 


02062 


52146 


29 




32 


47894 


97934 


49960 


50040 


02066 


52106 


28 




33 


47934 


97930 


50004 


49996 


02070 


52066 


27 




34 


47974 


97926 


50048 


49952 


02074 


52026 


26 




35 


48014 


97922 


50092 


49908 


02078 


51986 


25 




36 


48054 


97918 


50136 


49864 


02082 


51946 


24 




37 


48094 


97914 


50180 


49820 


02086 


51906 


23 




38 


48133 


97910 


50223 


49777 


02090 


51867 


22 




39 
40 


48173 


97906 


50267 


49733 


0:X>94 


51827 


21 




9.48213 


9.97902 


9.50311 


10 49689 


10.02098 


10.51787 


20 




41 


48252 


97898 


50355 


49645 


02102 


51748 


19 


■ 


42 


48292 


97894 


5039a 


49602 


02106 


51708 


18 




43 


48332 


97890 


- 504421 


49558 


02110 


51668 


17 




44 


48371 


r. 97886 


50485 


49515 


02114 


51629 


16 




45 


48411 


97882 


50529 


49471 


02118 


51589 


15 




46 


48450 


97878 


50572 


49428 


02122 


51550 


14 




47 


48490 


97874 


50616 


49384 


02126 


51510 


13 




48 


48529 


97870 


50659 


49341 


02130 


51471 


12 




49 

"ST 


48568 


97866 


50703 


49297 


02134 


51432 


11 
10 




9.48607 


9.97861 


9.50746 


10.49254 


10.02139 


10.51393 




51 


48647 


97857 


50789 


49211 


0214:^ 


^ 51353 


9 




52 


48686 


97853 


50833 


49167. 


02147 


51314 


8 




53 


48725 


97849 


50876 


49124 


02151 


5127^ 


7 




54* 


4^64 
4^3 


97845 


50919 


49081 


02155 


51236 


6 




ss 


97841 


,^ 50962 


49038 


02159 


51197 


5 




56 


48842 


97837 


51005 


48995 


02163 


51158 


4 




^7 


48881 


97833 


51048 


48952 


02167 


51119 


3 




58 


48920 


97829 


51092 


48908 


02171 


51080 


2 




59 


48959 


97825 


51135 
51178 


48865 


02175 


51041 


1 




60 


48998 


97821 


48822 


0217^ 


51002 



M. 




Co.sine. 


Sine. 


'.Co.tan]s^. 


Tang. 


Co-secant 


Secant. 
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126 Artificial Sines, Tang, and Sec. 18 Degrees. 




1 
3 
3 
4 
5 
6 
7 
8 
9 



2U 
21 
22 
23 
24 
35 
26 
27 
28 

30 
31 
32 



Sine. 



C )* in«. 



9.4d998 
49037 
49076 
49115 
49153 
49192 
49231 
49269 
49J08 
49347 



9.49385 
49424 
49462 
49500 
49539 
49577 
49615 
40654 
49692 
49730 






9.49768 
49906 
49844 
49882 
49920 
49958 
49996 
50034 
50072 
50110 

9.50148 
50185 
50223 
50261 
50298 
50336 
50374 
50411 
50449 
50486 



9.50523 
50561 
50598 
50635 
50673 
50710 
50747 
50784 
50821 
508581 



9.50896 
5^^933 
50970 
51007 
51043J 
51080 
51117 
51154 
51191 
51227 
51264 



9.97821 
97817 
97812 
97808 
97804 
97800 
97796 
97792 
97788 
97784 



Tiin)(ent . 



9.97779 
97775 
97771 
97767 
97763 
97759 
97754 
97750 
97746 
97742 



9.97738 
97734 
97729 
97725 
97721 
97717 
97713 
97708 
97704 
97700 



9.97696 
97691 
97687 
97683 
97679 
97674 
97670 
97666 
97662 
97657 



9.97653| 
97649 
97645 
97640 
97636 
97632 
97628 
97623 
97619 
97615 



9.97610 
97606 
97602 
97597 
97593 
97589 
97584 
97580 
97576 
97571 
97567 



9.511781 
51221 
51264 
51306 
51349 
51392 
51435 
51478 
51520 
51563 



9.51606 
51648 
51691 
51734 
5X776 
51819 
51861 
51903 
51946 
51988 



9.52031 
52073 
52115 
52157 
522DO 
52242 
52284 
52326 
52368 
52410 



9.52452 
52494 
52536 
52578 
52620 
52661 
52703 
52745 
52787 
52829 



Co-uny. 



^752870 
52J12 
52933 
52995 
530.^7 
53078 
53120 
53161 
53202 
53244 



9.53285 
53327 
53368 
53409 
53450 
53492 
53533 
53574 
53615 
53656 
53697 



Co sine. I Sine, j Co-tanif . 



10.48822 
48779 
48736 
48694 
48651 
486081 
48565 
48532 
48480 
48437 



10.48394 
48353 
48309 
48266 
48224 
48181 
48139 
48u97 
48054 
48012 



10.47969 
47927 
47885 
47843 
47800 
47758 
47716 
47674 
47632 
47590 



10.47548 
47506 
47464 
47423 
47380 
*7339 
47297 
47255 
47213 
47171 



10.47130 
470«8 
47047 
47005 
46963 
46922 
46880 
46839 
46798 
46756 



10.46715 
4667 
/ 46632 
46591 
46550 
46508 
46467 
46426 
46385 
46344 
46303 



10 



Secanw 

10.02179 
02183 
02188 
02192 
02196 
03300 
02304 
02206 
02313 
02216 

10.02231 
022351 



Co^eciDL 



10.510031 ^ 



03339 
03233 
02237 
02241 
03.46 
03350 
02254 
02258 



^0.03262 
022661 
02271 
02275 
02279 
02383 
03287/ 
033921 
02296 
02300 




lU. 02304 
02309 
02313 
02317 
02321 
0232^ 
02330 
02334 
02338 
02343 



10.02347 
02351 
02355 
02360 
02364 
02368 
02372 
02377 
02381 
02385 



.02390 
02394 
02398 
02403 
02407 
02411 
02416 
02420 
02434 
02439 
02 



50576 
50538 
50500 4r 



50461 
50423 
50385 
50345 
5030S 
50270 



10.50232 

50194 

50156 

50118 

50080 

50042 

50004/ 34 

499661 33 

499281 32 

498901 31 



46 
45 
44 
43 
42 
41 

^ 
39 
38 
37 
36 
35 



10.498521 30 
48815129 



49777 
49739 
4970S 
49G6( 
49626 
49589 
49551 



49514JJ1 
20 
19 
18 



1(449477 
49439 
49402 



28 
27 
26 
25 
24 
23 
22 



4936^5 17 
49327 16 



49290 
49253 
49216 
49179 



49142 11 



10.49104 10 



433^ 
fanlj" 



49067 

49030 

48993 

48957 

48920 

48883 

4884^ 

48809 ^ 

487V3 1 

48736 



15 
14 
13 
12 



9 
8 
7 
6 
5 
4 
3 



Tang. Co«secant| Secant. | M^^ 
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M.) 


Sine. 


Co .sine. 


Tar.K'. 


Co tung*. 


Secant. 


C ^ ! 









9.51264 


9.97567 


9.5>697 


10.46303 


10.02433 


10.48736 


60. 




X 


51301 


97563 


. 53738 


46262 


02437 


48699 


59 




2 


51338 


97558 


53779 


46221 


02442 


48662 


58 




3 


. 51374 


97554 


53820 


46180 


02446 


48626 


57 




4 


51411 


97550 


53861 


46139 


02450 


48589 


56 




5 


51447 


97545 


53902 


46098 


02455 


48553 


5i 




6 


51484 


97541 


53943 


46057 


02459 


48516 


54 




7 


51520 


97536 


53984 


46016 


02464 


4348a 


S3 




8 


51557 


97532 


54025 


45975 


02468 


48443 


52 




9 


51593 


97528 


54065 


45935 


02472 


48407 


51 




10 


9.51629 


9,97523 


9.54106 


10.45894 


10.02477 


10»48371 


50 


m 


11 


51666 


97519 


54147 


45853 


02481 


48334 


49 




12 


51702 


97515 
97510 


54187 


45813 


02485 


48298 


48 




13 


51738 


' 54228 


45772 


02490 


48262 


47 




14 


51774 


97506 


54269 


45731 


02494 


48226 


46 




15 


51811 


97501 


'54309 


45691 


02499 


48189 


45 


\ 


16 


51847 


97497 


54350 


45650 


02503 


48153 


44 




XT 


51883 


97492 


54390 


45610 


02508 


48117 


43 




18 


51919 


97488 


54431 


45569 


02512 


48081 


42 




19 


51955 


97484 


54471 


45529 


02516 


48045 


41 

40N 




20 


9.51991 


9.97479 


. 9.54512 


10.45488 


10.02521 


10.48009 




21 


52027 


97475 


34552 


45448 


02525 


47973 


39 




22 


52063 


97470 


54593 


45407 


02530 


47937 


38 




23 


52099 


97466 


54633 


45367 


02534 


47901 


37 




24 


52135 


97461 


54673 


45327 


02539 


47865 


36 


« 


25 


52171 


97457 


54714 


45286 


02543 


47829 


35 




26 


52207 


97453 


54754 


45246 


02547 


47793 


34 




2r 


52242 


97448 


54794 


45206 


02552 


47756 


33 




28 


52278 


97444 


54835 


45165 


02556 


47722 
47686 


32 




29 
30- 


52314 


97439 


54875 


45125 


02561 


31 




9.52350 


9.97435 


9.54915 


10.45085 


10.02565 


10.47650 


oO 




31 


52385 


97430 


54955 


45045 


02570 


47615 


29 




32 


. 52421 


97426 


54995 


45005 


02574 


47579 


e8 




33 


52456 


97421 


55035 


44965 


02579 


47544 


27 




34 


52492 


97417 


5S^7S 


44925 


02583 


47508 


26 




35 


' 52527 


97412 


55115 


44885 


. 02588 


47473 


25 




3$ 


52563 


97408 


55155 


44845 


02592 


47437 


24 




37 


52598 


97403 


55195 


44805 


02597 


47402 


23 


. 


38 


52634 


97399 


SS'iZS 


44765 


02601 


47366j 


22 




39 

*40 


52669 


97394 


55275 


44725 


02606 


47331 


21 


■ 


9.52r05 


9.97390 


9.55315 


10.44685 


10.02610 


10.47295 


20 


1 41 


52740 


97385 


55S5S 


44645 


02615 


47260 


19 




• 42 


SV7S 


97381 


55395 


44605 


02619 


47225 


18 


' 


43 


52811 


97376 


55434 


44566 


02624 


47189 


17 




44 


528(46 


97372 


55474 


44526 


03628 


47^54 


16 




45 


52881 


97367 


55514 


44486 


02633 


47119 


15 




46 
47 


52916 


97363 


55554 


44446 


02637 


47084 


14 




52951 


97358 


55593 


44407 


02642 


47049 


13 




48 


52986 


97353 


55633 


44367 


02647 


47014 


12 


• 


49 
50 


53021 


97349 


55673 


44327 


02651 


46979 


11 


■ 
1 


9.53056 


9.97344 


9.55712 


10.44288 


10.02656 


10.46944 


10 


51 


53092 


97340 


55752 


44248 


02660 


46908 


9 


■ 


52 


53126 


97335 


55791 


44209 


02665 


46874 


8 


fr 


53 


53161 


97331 


55831 


44169 


02669 


4^9 


7 


t 


54 


53196 


97326 


55870 


44130 


02674 


46804 


6 


1 


Si 


53231 


97322 


55910 


44090 


02678 


. 46769 


5 


f 


56 


53266 


97317 


55949 


44051 


02683 


46734 


4 


J 


SI 


53301 


97312 


55989 


44011 


02688 


46699 


3 


r 


^ 


533^6 


97308 


56028 


43972 


02692 


46664 


2 


1 
'•-1 


59 


53370 


97303 


56067 


43933 


02697 


46630 


1 


/ 


60 


53405 


97299 


56107 


438913 


02701 


46595 





(, 


i Cb-sine. 


Sine* 


Co-Ung. 


Taog. 


Co -secant 


Secant. 


M. 
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M. 





1 

2 
3 

4 
5 
6 
7 
8 
9 



10 
It 
12 
13 
14 
15 
16 
17 
18 
19 



Sine. 



9.53 JS 
53440 
53475 
53509 
53544 
53578 
53613 
5,5647 

• 53685 
53716 



9.53751 
53785 
53319 
53854 
53888 
53922 
53957 
53991 
5¥t2S 
54059 



9. 34093 
54127 
51161 
54195 
54229 
54263 
54297 
54331 

^ 54365 
54399 



C(>*sillt: • 



9.54433 
54466 
54500 
545.U 
54567 
546(J1 
54635 
54658 

54702 
547 J 5 



9.54769 
5480; 
548 $6 
54869 
5490r> 
54936 
'54969 
55003 
55036 
55069 



9.55102 
55136 
55169 
55202 
55235 
55368 
55301 
55334 
55367 
55400 
55433 



Co-Hine. 



9*97299 
97294 
97289 
97285 
97280 
97276 
97271 
97266 
97262 
97257 



9.97252 
97248 
97243 
97238 
97234 
97229 
97224 
97220 
97215 
97910 



T^uirent. 



9.56107 
56146 
56185 
56224 
56264 
56303 
56342 
56381 
56420 
56459 



9.97206 
97201 
97196 
97192 
97187 
97182 
97178 
97173 
97168 
97163 



10.43893 
43854 
43815 

s 43776 
43736 
43697 
43658 
43619 
43580 
43541 



Secanl. 



9.97159 
^154 
97149 
97145 
97140 
97135 
9713d 
97126 
97121 
97116 



9.97111 
97107 
07102 
97097 
97092 
97087 
97083 
97078 
97073 
97068 



9.56498 
56537 
5657^ 
56615 
566541 
56693 
56732 
56771 
56810 
56849 

"9.56887 
56926 
56965 
57004 
57042 
57081 
57120 
57158 
57197 
572351 



10.02701 
02706 
02711 
0271 




02724 
02729 
02734 
02738 
02743 




9.572741 
57312 
57351 
57389 
57428 
57466 
57504 
57543 
57581 
57619 



9.97063 
97059 
97054 
97049 
97044 
97039 
97035 
97030 
97025 
97020 
97015 



Sifif . 



9.57658 
57696 
577H 
57772 
57810 
57849 
57887 
57925 
57963 
58001 



9.58039 
58077 
5M15 
58153 
58191 
58229 
58267 
58304 
58342 
58380 
58418 



CO'tang 



:l 



10.43502 
43463 
43424 
43385 
43346 
43307 
43268 
43229 
43190 
43151 



10.43113 
43074 
43035 
42996 
42958 
42919 
42880 
42842 
42803 
42765 



10.42726 
42688 
-42649 
42611 
42572 
42534 
42496 
42457 
42419 
42381 



10.42342 
42304 
42266 
42228 
42190 
42151 
42113 
42075 
42037 
41999 



10.41961 
41923 
41885 
41847 
41809 
41771 
41733 
41696 
41658 
41620 
4l5g[ 

Tithgr* 1 



10.02748 
02752 
02757 
02762 
02766 
02771 
02776 
02780 
02785 
02790 



46S1 
46284 



10. 



46249 
46215 
46181 
46146 
46112 
46078 
46043 
46009 
45975 
4S941 



.10.02794 
02799 
02804 
02808 
02813 
03818 
02822 
02827 
02832 
02837 



10,02841 
028461 
02851 
02855 
02860 
02865 
02870 
02874 
02879 
02884 



10.02889 
02893 
02898 
02903 
02908 
02913 
02917 
02922 
02927 
02932 



10.02937 
02941 
02946 
0^951 
02956 
02961 
02965 
02970 
02975 
02980 
02985 



Co-secant 



10.45907 
45873 
45839 
45805 
45771 
45737 
45703/ 
456691 
45635 
45601 



40 
39 
38 
37 
36 
35 
34 
33 
32 
31 




10.45231 
45198 
45164 
45131 
45097 
45064 
45031 
44997 
44964 
44931 



20 
19 
18 
17 
16 
15 
14 
13 
12 
11 



10.448981 
44864 
44831 
44798 
44765 
44732 5 
44699 4 
44666 

44633 
' 44600 
44567], 

SecarvL. ] M. 



10 
9 
8 
7 
6 



3 
% 
1 
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^^Am 



Sine. 



9.55433 
55466 
55499 
55532 
55564 

> 55597 

55630 

55663 

55695 

• 55r28 



Co -sine. 



9.55761 

55793 

ssesi6 

■ 5585a 
^3891 
55923 
55950 
55988 
56Q2f 
5605^ 



'9.56085 
56116 
56150 
56182; 

5GH7 
56279 
56311 
56343 
56375 



i.;S6408 
56440 
56472 
56504 
565:i6 
56568 
56599 
56631 
56663 
56695 



».56727 
56759 
56790 
5&322 
56854 
56886 
56917 
56949 
56980 
57012 



9.57044 
37075 

snor 

57138 
57169 
57201 
57232 
57264 
57295 
57326 
57358 



Co.ftine. 



9.97015 
' 97010 
97005 
' 97001 
96996 
96991 
96986 
96981 
96976 
96971 



V.iW966 

95962 

96957 

96932 

: •96947 

96942 
96937 
96932 
96927 
96922 



9.96917 
96912 
96907 
9690J 
^96898 
96893 
96888 
96883 
96878 
96873 



9.968681 
96863 
96S58 
9685^ 
96848 
96843 
968381 
96833 
96828 
96823 



9.9dB18 
9^13 
96808 
96803 
96798] 
96793 
96788 
96783 
96778 
96772 



9.96767 
96762 
96757 
96752 
96747 
96742 
96737 
96732 
96727 
96722 
96717 



Sine. 



Tanji^ent.' 



9.534I81 
58455^ 
58493 
58531 
58569 

' 58606 
56644 
58681 
58719 
59757 



9.58794 
58832 
58869 
58907 
58944 
58981 
59019 
59056 
59094 
59131 



9.59168 
59205 
59243 
59280 
59317 
59354 
59391 
59429 
59466 
59503 



9.59540 
59577 
59614 
59651 
59688 
59725 
59762 
59799 
59835 
59872 



9.59909 
59946 
59983 
60019 
60056 
60093 
60130 
60166 
60203 
60240 



9.6027fe 
6031 
60349 
60386 
60422 
60459 
60495 
60533 
60568 
60605 
60641 



C >-t*n,r. 



10.41^82 
41545 
41507 
41469] 
41431 
41394 
4135Q 
41319 
. 41281 
41243 



10.41206 
41168 
41131 
41093 
41'J56 
^41019 
40981 
49944 
40906 
408(39 



10.40832 
40795 
40757 
40720 
40683 
40646 
40609 
40571 
40534 
40497 



10.40460 
40423 
40386 
40349 
40312 
40275 
40238 
40201 
40165 
40128 



10.40091 
40054 
40017 
39981 
39944 
39907 
39870 
39834 
39797 
39760 



10-39724 
39687 
39651 
39614 
39578 
39541 
39505 
S9468 
39432 
39395 
393591 



■*^* 



Co-tan^y.' Tang. Co-secant 



Secant. 



10.02985 
02990 
02995 
02999 
03004 
03009 
03014 
03019 
03024 
03029 



10^03034 
03038 
03043 
03048 
03053 
03058 
03063 
03068 
03073 
030781 



10.03083 
030881 
03093 
03097 
03102 
03107 
03112 
03117 

. 03122 
0.''|i?7 



10.03132 
031 ^7 
03142 
03147 
03152 
03157 
03162 
03167 
03172 
03177 



Co-secant. 



L 

10.44567' 

44534! 
445011 
44468! 
444361 

44370 
44337 
44305; 
44272'. 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 



10.44239 
44207 
44174 
44142 
44109 
*44077 

A.AiM.'i, 

44012 
43979 
^947 



150 



10.43915 
43882 
4385J 
438 
43785 
43753 
43721 
43639 
43657 
43625 



10.43592 
43560 
43528 
43496 
43464 
43432 
43401 
43369 
43337 
43305 



10.03182 
03187 
03192 
03197 
03202 
03207 
03212 
03217 
03222 
03228 



10.05233 
03238 
03343 
033481 
03253 
03258 
03363 
03268 
03273 
03278 
03283 



10.43273 
43241 
4>210 
43178 
43146 
43114 
43083 
43051 
43020 
42988 

10.42956 
42925 
42893 
42862 
42831 
42791 
42768 
42736 
42705 
42674 
42643 



50 
49 
48 
47 
46 
45 
44 
43 
42 
41 



30 
29 
28 
27 
26 
25 
24 
23 
23 
21 



20 
19 
18 
17 
16 

15 
14 
13 
13 
11 

To 

9 
8 
7 
6 
5 
4 
3 
2 
1 




Sec<iui. > M. 



40 
39 
38 
37 
36 
35 
34 
33 
32 
31 



1§[ 68 Degrees. 



tMta 



%■ . 



ISO Artifidal 8inea» Ta^. and Sec 22 Qegcees, 




1 
2 
3 
4 
5 
6 
7 
8 
9 



Sine. 



57389 
57420 
57451 
57482 
57514 
57545 
57576 
57607 
57658 



9.57669 
57700 
57731 
57762 
57793 
57834 
57855 
57885 
57916 



Cn*tifK: 



9.96717 
967U 
96r06| 
96701 
96(i96| 
96691 
96686 
96681 
96676 
96670 



9.5/978 

58006 

58039 

58070* 

58101 

58131 

58162 

58192 

58223 

58253 



9.58284 
58314 
58345 
58375 
58406 
58436 
58467 
58497 
58527 
S&SS7 



9.96665 
96660 
96655 
96650 
96645 
96640 
96634 
96629 
96624 
966 19 

96608 
96603 
96598 
96593 
96588 
96582 
96577 
96572 
»^ 96567 



9.96562 
96556 
96551 
96546 
96541 
96535 
96530 
96525 
96520 
96514 



9.58588 
58618 
58648 
58678 
58709 
^8r39 
58769 
58799 
58829 
58859 



9.58889 
58919 
58949 
58879 
59009 
59039 
59069 
59098 
59128 
59153 
5918 6 



9.96509 
96504 
96498 
96493 
96488 
96483 
96477 
96472 
96467 
96461 



9.96456 
96451 
96445 
96440 
96435 
96439 
96434 
964i9 
96413 
96408 
964(» 

..Ssne. 



Taiipem 



9.60641 
60677 
60714 
60750 
60786 
60823 
60859 
6089.5 
60931 
60967 



9.61004 
61040 
61076 
61112 
61148 
Gfl84 
61220 
61256 
61292 
61328 

'9.61364 
61400 
61436 
61472 
61508 
-61544 
61579 
61615 
61651 
61667 



9.61722 
61758 
61794 
6ia30 
61865 
61901 
61936 
61972 
62008 
6204J 



9.62079 
62114 
62150 
62185 
62221 
62256 
62292 
62327 
62362 
62398 



9.52433 
62468 
62504 
62539 
62574 
62609 
62645 
62680 
62715 
62750 
627 85 



QtvUBg. 



10.39359 
39323 
39286 
39250 
39214 
39177 
-39141 
39105 
39069 
39033 



10.38996 
38960 
38924 
38888 
38852 
38816 
38780 
38744 
38708 
38672 

10.38636 
38600 
38564 
38528 
38492 
38456 
38421 
38385 
38349 
3831o 



10.38278 
38242 
38206 

' 38170 
38135 
38099 
38064 
38028 
37993 
37957 



10.3^921 
37886 

37850 

. 37815 

37779 

37744 

,«.. 37708 

37638 
37602 



10.37567 
37532 
37496 
37461 
37426 
37391 
37355 
37320 
37285 
37250 
37215 



Sec ami. 

10.03283 
03399 
03294 
03299 
03304 
03309 
03314 
03319 
03324 
03330 

10.03335 
0334d 
03345 
03350 

. 03355 
- 03360 
03366 
03371 
03376 
03381 




10.42331 
433m 



03392 
03397 
03402 
03407 
4X;412 
0341S 
03423 
0343C 
03433 




420S3 



10.03386 10*4^083 



10.03438 
03444 
03449 
03454 
03459 
03465 
03470 
03475 
03480 
03486 



10.03491 
03496 
03502 
03^ 
03512 
03517 
03523 
03528 
03533 
03539 



10.03544 
03549 
03555 
O3J60 
03565 
03571 
03576i 
03581 
03587 
03592 
.03597 

Co4«icant 




41777 
41747 



10,4l7l6 

41686 
41655 
41625 
41594 
41564 
41533 
41503 
41473 
41443 



10.^1412 
41383 
41352 
41322 
41291 
41261 
41231 
41201 
41171 
41141 



33 

31 



30 

29 

28 

37 

26 

25' 

24 

23 

22 

21 



10.411 11 
41081 
41051 
41021 
409^1 
40961 
40931 
40902 
40S73 
4Q842 
40812 

Secant. 



29 
19 
18 
17 

15 
14 
13 
13 
11 



10 
9 
8 
7 
6 
5 

3 
3 
1 

0_ 

M. 
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*«MM«i 



MJ 

?l 

2 

3 

5 
6 

7 
8 



Sine. '{ Co-sine. 



sr 



16 
11 
1^ 
13 
14 
1;S 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

2r 

28 

30 
31 
32 
S3 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
,44 
45 
46 
47 
48 
49 

50 
,51 
! 52 

53 
54 
55 
56 
57 
58 
59 
60 



r 



9.59188 
59318 
59247 
59277 
59307 
59336 
^366 
59396 
59425 
59455 

9.59484 
59514 
59543 
S9S73 
59603 
59633 
59661 
59690 
59720 
59749 

9.5977 
598081 
59837 
59866 
59895 
59934 
59954 
59983} 
60013 
60041 



9.96403 9.62785 



9.60070 
60099 
60138 
60157 
60186 
60215 
60244 
60273 
60303 
60331 



9.60359 
60388 
60417 
60446 
60474 
60503 
60532 
60561 
605891 
60618 



9.60646 
60675 
60704 
60732 
60761 
60789 
60818 
60816 
60875 
60903 
60931 



m* 



Co>sme . 



96397 
96392 
96387 
96381 
96376 
96370 
96365 
96360 
96354 



T»nj?. 



9.96349 
96343 
96338 
96333 
96327 

V 96322 
96316 
96311 
96305 
96300 

9.96294 
96289 

96278 
96273 
9636r 
96262 
96256 
96251 
96245 



9.96240 
96234 
96229 
96223 
96218 
96212 
96207 
96201 
96196 
96190 



9.96185 
96179 
96174 
96168 
96162 
96157 
96151 
96146 
96140 
96135 

9.96139 
96123 
96118 
96112 
96107 
96101 
96095 
96090 
96084 
96079 
96073 



Sloe. 



62830 
62855 
62890 
63926 
62961 
62996 
63031 
6306^ 
63101 

9.63135 
63170 
63205 
63240 
63275 
63310 
63345 
63S79 
63414 
63449 



9.63484 

63519 

63553 

63588 

63623 
. 03657 

63692 
63Z26 
63761 
63796 

9.63830 
63865 
63899 
63934 
63968 
64003 
64037 
.64072 
64106 
64140 

9.64175 



64209 
64343 
64378 
64312 
64346 
64381 
64415 
64449 
644831 

9.64517I' 
64552 
64586 
64626 
64654 
64688 
64722 
64756 
64790 
64824 
64858 



Co.tafiy. 

10. 37215 
37180 
37145 
37110 
37074 
37039 
37004 
36969 
36934 
36899 



10.36865 
36830 
56795 
36760 
36725 
36690 
36655 
36621 
365861 
36551 



10.36516 
3648] 
36447 
36412 

36343 
36308 
36274 
36239 
362Q4 



10.36170 
36135 
36101 
36066 
360321 
35997 
35963 
35928 
35894 
35860 



10.35825 
35791 
3S7S7 
35722 
35688 
3$654 
35619 
35585 
35551 
35517 



•^Im 



Co-t&ng 



10.35483 
35448 
35414 
35380 
35346 
35312 
35278 
35244 
35210 
35176 
35142 



Tang. 



Secant* 



10.03597 
03603 
03608 
03613 
03619 
03624 
03630 
03635 
03640 
03646 



1O..036S1 
036571 
08662 
03667 
03673 
03678 

' 03684 
03689 
03695 
03700 



10.(W06 
03711 
03716 
03722 
03727 
03733 
03738 
03744 
03749 
03755 



10.03760 
03766 
03771 
03777 
03782 
03788 
03793 
03799 
03804 
03810 



Co-seca nt 

10.40812 
40782 
40753 
45723 
40693 
40664 
40634 
40604 
40575 
40545 



10.03815 
03821 
03826 
03832 
038J8 
03843 
03849 
(^854 
03860 
03865 



10.40516 
40486 
40457 
40427 
40398 
40S68 
40339 
40310 
40280 
4<^51 



10.4(1822 
40192 
4016^ 
40134' 
40105 
40076 
40046 
40017 
39988 
39959 



10.39930 
39901 
39872 
39843 
39814 
39785 
^756 
39727 
39698 
39669 



30 



10.03871 
03877 
03882 
03888 
03893 
03899 
03905 
03910 
03916 
0^21 
03927 



Co -secant 



10.39641 
39612 
39583 
39554 
39526 
^97 
39468 
39439 
39411 
39382 



10.39354 
39325 
3929 
39268 
39239 
39211 
39182 
39154 
39125 
39097 
39069 



Secant. 



9 
8 
7 
6 
5 
4 
3 
2 
1 




M.l 



>•*• 
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M.l Sloe. 



2 
3 
4 
5 
6 
7 
8 
9 

10 

n 

13 
14 
15 
16 
17 
18 
19 



^0 
31 
23 
23 
24 
25 
26 
27 
28 
29^ 

30 
31 
32 
33 
34 
35 
36 
37 
38 
89 

40 
41 

42 
43 
44 
45 
46 

> 48 
49 



50 
51 
52 
53 
54 
SS 
S6 

•59 



9.62595 
62622 
62649 
62676 
62703 
62730 
62757 
62784 
62811 
62838 



"5:^165 
62892 
62918 
62945 
62972 
62999 
63026 
63052 
63079 
•63106 



9.63133 
63159 
63186 
63213 
63239 
632661 
63292 
63319 
63345 
63372 

9.63398 
63425 
63451 
63478 
63504 
63531 
63557 
.63583 
63610 
63636 

9.63662 
63689 
63715 
63741 
63767 
637941 
63820 
63846 

' 63872 
• 63898 



9.95728 
96722 
95716 
ft5710 
95704 
95698 
95692 
95686 
95680 
95674 



Tan^hl. 



9.95668 
95663 
95657 
95651 
95645 
95639 
95633 
95627 
95621 
95615 



9.95609 
95603 
95597 
95591 
95585 
95579 
95573 
955671 
95561 
9555^ 






9.95549} 
95543 
95537 
95531 
95525 
95519 
95512 
95507 
95500 
95494 



9.95488 
95482 
95476 
95470 
95464 
95458 
95452 
95446 
05440 
95434 



9.63924 
63950 
6-5976 
64002 
64028 
64054 
64080 
64106 
64132 
.64158 
64184 



Co- sine. 



9.95427 
95421 
95415 
95409 
95403 
95397 
95391 
95384 
95378 
95372 
95366 



Sine. 



9.66867 
66900 
66933 
66966 
66999 
67032 
s 67065 
6709^ 
67131 
67163 



Co-tanp. 

10.33133 
• 33100 
33067 
33034 
33001 
.32968^ 
32935 
32902 
32869 
32837 



Secant. tCa-secant.! 
10.04272 



9.67196 10.32804 



67229 
67262 
67295 
67327 
67360 
67393 
67426 
67458 
67491 



042781 

04284 

04290 

04296 

04303 

04308 

04314 

04320^ 

04326 



^O 



10.374051 60 
. 37378 59 j 
37351 S8 



32771 
32738 
32705 
32673 
32640 
32607 
32574 
32542 
32509 



9.675241 
67556 
67589 
67622 
67654 
67687 
67719 
67752 
67785 
67817 



10. 32476 

32411 
32378 
32346 
32313 
32281 
32248 
32215 
32183 



9.67850 
67882 
67915 
67947 
67980 
68012 
68044 
68077 
68109 
68142 



68206 

68239 

68271 

68303 

68336 

68368 

68400 

684321 

6 



10.32150 
32118 
32085 
32053 
32020 
31988 
S1956 

^ 31923 
31891 
31858 



9.68174 10.31826 10.04512 



9. 




68529 
68561 
68593 
68626 
68658 
68690 
68722 
68754 
68786 
68818 



Co-taii|f. 



31794 

31761 

31729 

31697 

316641 

31532 

31600 

31568 

31535 



10.04332 
04337 

S4349I 
0435^ 
04361 
04367 
04373 
04379 
04385 



10.04391 
04397 
04403 
04409 
04415 
04421 
04427 
04433 
04439 
04445 



10.04451 
04457 
D4463 
04469) 
04475 
04481 
04487 
04493 
04500 
04506 



10.31503 
31471 
31439 
31407 
81374 
31342 
31310 
31278 
31246 
31214 
31183 



Tangrem. 



04518 
04524 
04530 
04536 
04542 
04548] 
04554 
04560 
04566 



10.04573 
04579 
04585 
04591 
04597 
04603 
04609 
04616 
04632 
04628 
04634 

Co-secant. 



37324 

37297. 

372701 

37243 

37216 53 

37189 

37162 



?7* 
56 j 
55 
54 



10.3713^ 

37108 

• 37082 

37055 



3702Q 46 



52 I 

51^ 



50 
49 
48 
47 



37001 


45 


36974 


44 


36948 


43 


36921 


42 


36894 


41 


10.36867 


40 


36841 


39 


36814 


38 


36787 


37 


36761 


36 


36734 


35 


36708 


34 


36681 


33 


36655 


32 


36628 


31 



10.36602 
S6575 
36549 
36523 
36496 
36469 
36443 
36417 
36390 
36364 



10.36338 
36311 
36285 
36259 
36233 
36206 
36180 
36154 
36128 
36102 



10.36076 
36050 

r 36024 
35998 
35972 
35946 
35920 
35894 
35868 
35842 
35816 



Secant. M. 
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M. 




1 
3 
3 
4 
5 
6 

r 

8 

9 



20 
21 
22 
23 
24 
25 
26 
2r 
28 
29 



30 
51 
32 
33 
34 
35 
36 
37 
38 

i?. 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 



50 
5% 
52 
S3 
54, 
S3 
56 
57 
SB 
59 
60 



Sine. 



9.64184 
64210 
64236 
64262 
64288 
64313 
64339 
64365 
64391 
64417 



Co-nine. 

9.95366 
95360 
95354 
95348 
95341 
95335 
95329 
95323 
95317 
95310 



9.64442 
64468 

64494 
64519 
64J45 
64571 
64596 
64622 
64647 
6467*? 




64826 
64851 
64877 
64902 
64927 



9.64953 
64978 
65003 
65029 
65054 
6^9 
6dl04 
65130 
65155 
65180 



'9.65205 
65230 
. 65255 
65281 
653061 
65331 
65356 
65381 
65406 
65431 



9.65456 
65481 
65506 
65531 
65556 
65580 
65605 
65630 

- 65655 
65680 
■65705 
Cn-ftine. 



9.95304 
95398 
95392 
95386 
95279 
95273 
95267 
95361 
95354 
95248 



9.95342 
95236 
95229 
95223 
95217 
95211 
95204 
95198 
. 95192 
95185 



9.95179 
95173 
95167 
95160 
95154 
95148 
95141 
95135 
95129 
95122 



9.95116 
95110 
95103 
95097 
95090 
95084 
95078 
95071 
95065 
95059 



9.95052 
95046 
95039 
95033 
95037 
95020 
95014 
95007 
95001 
94995 

. 949M 

Sine. 



Tanjc. 



9.68818 
68850 
68882 
68914 
68946 
68978 
69010 
69042 
69074 
69106 



■ I r .1 11 ■ 
Co»tany,j Seeant, 



10.31183 
31150 
31118 
31086 
31054 
31032 
90990 
30958 
30936 
30894 



9.69138 
69170 
69303 
69234 
69366 
69^98 
69339 
69361 
69393 
69425 



9.69457 
69488 
69530 
69552 
69584 
69615 
69647 
69679 
69710 
6974 2 

9". 69774 
69805 
69837 
69868 
69900 
69932 
69963 
69995 
70026 
70058 



9.70089 
70121 
70152 
70184 
70215 
70347 
70278 
70309 
70341 
70372 



9.70404 
70435 
70466 
70498 
f0529 
70560 
70592 
70623 
70654 
70685 

• 70717 

Co tany. 



10.30863 
30830 
30798 
30766 
30734 
30702 
30671 
30639 
30607 
30575 



10.30543 
30513 
30480 
30448 
30416 
30385 
30353 
30321 
30290 
30258 



10.30226 
30195 
30163 
30132 
30100 
30068 
30037 
30005 
29974 
29943 



10.29911 
29879 
39848 
29816 
29785 
29753 
29732 
29691 
29659 
29628 



%729596 
29565 
29534 
29502 
29471 
29440 
29408 
29377 
29346 
29315 
29888 



10.04634 
0464( 
04646 
04652 
04659 
04665 
04671 
04677 
04683 
04690 

10.04696 
04703 
04708 
04714 
04721 
04737 
04733 



Co-BecjoiL 

ia.35«i6Tr 



35790 59 
35764 58 
55738 57 
357^2 5^ 
SSBSrI S5 
54 

35609 52 
35583 51 



10.3555C 50 

35532 49 

35506 48 

35481 47 

35455 ^ 

35439 45 

35404 44 




35378 
35353 
3Jfe27 



10.0475 
04764 
01771 
04777 
04783 
04789 
04796 
04802 
0480C 
04815 



43 
48 
41 



10.04821 
04827 
04833 
04840 
04846 
04853 
04859 
04865 
04871 
04878] 



10.04884 
04890 
04897 
04903 
04910 
04916 
04923 
04929 
04935 
04941 



10.04948 
04954 
04961 
04967 
04973 
04980 
04986 
04993 
04999 
05005 
05012 



10.35302 40 
3i^76 39 
35351 38 
352351 37 
3530W 35 
35l74i' 35 
35141 
35l23i 
3 
35073 



10.35047 
35022 
34997 
34W1 

349S1 



34896 




10.34795 
34770 
34745 
34719 
34694 
34669 
34644 



34619 13 



34594 
34669 



30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

30 
19 
18 
17 
16 
15 
14 



63 Degrees. 



Tang. *C<M>ecaiit 



12 

10.345441 10 

34519 9 

34494 8 

34469 7 

%3'MrrrM V 

34490 5 

34395 4 

34370 3 

34345 3 

34320 1^ 

34295 

Secant. ' M • 



V'* 



ArtlSc^'^l'Sme^ T^i^^ fn^ SeaiTK^? Degrees^ 135 



»r. 



Sine. 



9.65705 
65729 
6^754 
6S779 
65804 
55828 
6$85a 
65878 
65902 
65927 



».65952 
65976 
66001 
66025 
66050 
66075 
66099 
66124 
66148 
66173 



9.66197 
66221 
66246 
66270 
66295 
66319 
66343 
66368 
66392 

. 66416 



9.66441 
66465 
66489 
66513 
66537 
66562 
66586 
66610 
66634 
66658 



9.66682 
66706 
66731 

eerss 

66779 
66803 
66827 
66851 
66875 
66899 



9.66932 
66946 
66970 
.60994 
67018 
67042 
67066 
67090 
67113 
67137 
67161 



'Co^swel [ Taiycent. \ Cn-tatiffT 



Ut. 



Co-sine « 



a.^988 
. 94982 
94975 
94969 
94962 
94956 
94949 
94943 
, 94936 
94930 



94917 
94911 
94904 
94898 
94891 
94885 
94878 
.94871 
94865 



9.948^1 

9485; 

94845 

.94839 

94832 

94826 

94819 

94813 

.94806 

94799 



9.94793 
94786 
94780 
94773 

. 94767 
94r60 
94753 
94747 
94740 
94734 



9.94727 
94720 
94714 

. 94707 
9470Q 
94694 
94687 
94680 

94667 



.94660 
94654 
94647 
94640 
94634 
94627 
94620 
94614 
94607 
94600 
94593 



Sine. 



9. 707 17 
; 70748 
; 7^9 
70810 
'/ 0841 
70873 
70904 
70935 
rj0966 
70997 



9.71028 
71059 
71090 
71121, 
71153 
71184 
71215 

' 71246 

71277 

, 71308 



9.71339 
. 71370 
71401 
71431 
71462 
71493 
71524 
71555 
715B6 
71617 



.9.71648 
71679 
71709 
71740 
71771 
71802 

71833 
71863 
71894 
71925 



9.71955 
71986 
72017 
72048 

: 72078 
72109 
72140 
72170 
72201 
7223U 



9.72262 
72293 
72323 
72354 
72384 
72415 
72445 
7atf'€ 
72506 
72537 
72567 



mmm 



Co»Ung4 



10.29283 
^252 
29221 
S9190 
29159 

. . 29127 
29096 
29065 
2iX)34 
29003 

10;28972 
}941 

no 

28879 
28847 
28816 
S8785 
28754 
287i23 
28693 



10. 



286^ 
28630 
28599 
28569 
28538 
28507 
28476 
28445 
28414 
28383 



10.28352 
283J1 
28291 
28260 
. 28229 
28198 
28167 
28137 
28106 
28075 



10.28045 
280i4 
27983 
27952 
27922 
27891 
27860 
27830 
27799 
27769 



10.27738 
27707 
27677 
27646 
>16 
^585 
27555 
27524 
27494 
27463 

:^433 




SecaiVt. 



10.05012 
.05018 

. . 05025 
05031 
05038 
05044 
05051 

: O5057 
05064 
05070 



10,05077 
05083 

. 05089 
05096 
05102 
05109 
0511^ 
05122 
05129 
0513^ 



Co -secant 



.10 



.34295 
34271 
34246 
34221 
34196 
34172J 
34147 
34122 
34096 
34073 



10.(^5142 
05148 

, i)5l55 
05161 

. 05168 
05174 
05181 
05187 
05194 
05201 

10.05207 
0i^l4 
05220 
P5227 
05233 
05240 
05247 
05253 
05260 
05266 



10.34048 
34024 

. i33999 
:33975 
33950 
33925 
33901 
03876 
33852 
33827 



'•% 



10.05273 
05280 
05286 
05293 
05300 
05306 
05313 
Q5320 
05326 
05^3 



10.05340 
05346 
05353 

' 05360 
05366 

05373 
0538Q 
05386 
05393 
05400 
05407 



Tanfi^ent. iCo-secant. 



IQ. 33803 
* 33779 
33754^ 
33730 
33705 
33681 
. 1^657 
33632 
33608 
335841 



10.33559 
33535 
, 33511 
334871 
33463 
33438 
33414 
33390 
33366 
33342 



10.33318 
33294 
33269, 
33245 
33221 
33197 
33173 
33149 
33125 
33101 



10.33078 
33054 
33030 
33006 
32982 
32958 
32934 
32910 
32887 
32863 
32839 



Secant. 



62 Degrees. 



65 

59 

58 

57 

56 

5f. 

54 

53 

52 

51 



] 



50 
49 
48 
47 
46 
45 
44 
43 
42 
41 



40 
39 
38 

37 
36 
35 
34 
33 
32 
31 



30 

29 

28 

27 

26 

25 

24 

23 

22' 

21 



20 
19 
1$ 
17 
16 
15 

14 
13 
12 
11 



10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




K«- 



M 



i 



1 



k 



136 Artificial ^nes, Tang. «nd Sec 28 Degrees. 



M. 


S.U' . 


Co-^iKe. 


Tanj^etit . 


Co-tanR. 


Sectnt. [ 


Co 9ecan^ 







9.67161 


9.94593 


9.72567 


10.27433 


10.05407/ 


10.32839 


6U 


1 


67185 


94587 


72598 


27402 


054131 
05420 


32B15 


59 


2 


672i;rf 


94580 


725 j8 


27373 


32793f 58 


3 


672.>2 


94573 


726.59 


27341 


■ 05427 


32768 57 


4 


67256 


94367 


72689 


27311 


05433 


32744 56 


•5 


67280 


94560 


72720 


27280 


05440 


527:14 55 


6 


6730,1 


9455J 


727 


27250 


05447 


32697 


54 


7 


6r.;27 


94546 


727 8u 


27220 


05454 


32573 


53 


8 


6r.r)0 


94 HO 


72811 


27189 


05460 


32650 


52 


9 
10 


67374 

9.«)r.V.>8 


94533 


72841 


27159 


05467 


32626 


51 


9 94.>2D 


9. 7. -872 


10.27128 


10.06474 


10.32602 


?J 


11 


674.M 


9151^^ 


7290 J 


27098 


05481 


32579 49 


12 


67445 


94513 


72933 


27j68 


05487 


52555! 4Ji 


ir> 


674f>8 


94506 


7}^^(^^ 


27037 


05494 


325321 47 


14 


67492 


9'W99 


'72993 


27j07 


05501 


325081 46 


15 


67515 


9449*2 


73023 


26977 


05508 


32485 


45 


16 


675.V.) 


'944'V) 


. 73v)54 


26916 


05515 


324<-l 


44 


17 


67562 


94479 


73()Li4 


26916 


05521 


32438 


43 


18 


675H6 
676()9 


94472 


73114 


26886 


055t?8 


3 414 


42 


1!) 


!;4465 


7314^^ 


26856 


' 05535 


32391 


41 

40 


y.67o;.» 


9.94458 


9.73175 


10.268J5 


10.03542 


10.32367 


'Jl 


ftrfvsft 


' 0U5. 


7ZZ\)S 


26795 


05549 


32344 


39 


>> 

4*^ 


6:680 


91415 


7.V2.K5 


26765 


05555 


32320 


38 


•>; 


67703 


944.>8 


732h5 


26735 


05562 


3:297 


37 


24 


67726 


94431 


73295 


26705 


05569 


32274 


36 


IS 


677.'»0 


94t24 


73326 


26674 


05576 


32250! 


35 


26 


67773 


94117 




26644 


05583 

05590 
05596 


32227/ 34 


27 


67796 


94410 


73386 


26614 


S22{)4\ 2^ 


28 


67820 


94404 


73416 


26584 


321»0l 32 


29 
JO 


67843 


94:»97 


7;]4-l6 


26554 


05603 


32157' 


31 


9.67806 


9.943'.)0 


9.73476 


10.26524 


10.05610 


10.32134 


•o\i 


31 


678>J0 


943^3 


7c>5\M 


261'J3 


05617 


32110 


29 


32 


67913 


94376 


»»o i "» - 


26463 


U5624 


32087 


28 


33 


67936 


94369 


7'?>-:>(^7 


26433 


05631 


32064 


27 


34 


67959 


94362 


73597 


26403 


05638 


32tMl 


26 


35 


6798 J 


94 555 


73G27 


^ 26373 


05645 


32018 


25 


3ti 


68006 


94349 


73657 


26343 


05651 


31994 


24 


37 


68029 


94342 


7?-^^'^! 


26313 


' 05658 


31971 


23 


33 


680 i2 


94335 


t:^7\7 


26283 


05665 


31948 


22 


39 


68U75 


94J2ft 


73747 


26253 


05672 


319^5 


21 
30 


40 


9.680y8 


9.94321 


^.7Mn 


10.26223 


10.05679 


10.31903 


41 


68121 


94314 


73807 


26193 


05686 


31879 


19 


42 


68144 


94307 


72>'^1 


26163 


05693 


31856 


18 


43 


68167 


9430^ 


7om7 


26133 


05700 


31833 


17 


44 


68190 


94293 


73897 


26103 


05707 


31810 


16 


45 


68213 


94286 


73927 


26073 


• 05714 


31787 


15 


46 


68237 


94279 


73957 


26043 


05721 


31,"'63 


14 


47 


16826U 


94273 


73987 


26013 


05727 


3174<; 


13 


48 


68282 


94266 


74017 


25983 


05734 


31717 


12 


49 
50 


68305 


94259 


74047 


25953 


05741 


31695 


11 


9.6832ti 


9.94252 


9.74077 


10.25923 


10.05748 


10.3167. 


W 


51 


68351 


94245 


74107 


35893 


05755 


31649 


9 


52 


68374 


94238 


74137 


. 25863 


05762 


31626 


8 


s:^ 


68397 


94231 


74166 


35834 


05769 


31603 


7 


54 


68420 


94224 


*'74l96 


25804 


0577^ 


31580 


6 


5S 


68443 


94217 


74226 


25774 


0578a 


3|557 


5 


56 


68466 


94310 


74256 


25744 


05790 


31534 


4 


57 


68489 


94203 


74286 


25714 


05797 


31511 


3 


58 


68512 


94196 


74316 


25684 


' 05804 


- 31488 


2 


59 


. 68534 


94189 


•74345 


25655 


05811 


31466 


1 


60 

1 


68557 


94182 


74375 


25G25 


05818 


31443 





\ 


t Co*flinc. 


Sine. . 


Co-tang. 


Tangent. 


Co-»ecftni 


SecAQfc. 


M. 



61 Degree^ 





Artificial Sines^ Tang. 


and Sec 29 Degrees. 


137 


' 


Sine . 


Co-sine. 


Tangent. 


^o-tang. 


Secant. 


Co«8ecant. 


60 


9.68557 


9.94182 


9.74375 


10.25625 


10.05818 


10.31443 


1 


68580 


94175 


74405 


25595 


05825 


31420 


59 


2 


68603 


94168 


74435 


25565 


05832 


31397 


58 


3 


68625 


94161 


74465 


25535 


05839 


. 31375 


57 


4 


68648 


94154 


74494 


25506 


05846 


31352 


56 


5 


68671 


94147 


74524 


25476 


05853 


31329 


55 


6 


IS8694 


94140 


74554 


25446 


' 05860 


31306 


54 


r 


68716 


94133 


74583 


25417 


05867 


31284 


53 


8 


68739 


94126 


74613 


25387 


05874 


31261 


52 


9 


68762 


94119 


74643 


26357 


05881 


31238 


51 
50 


XO 


9.68784 


9.94112 


9.74673 


10.25327 


10.05888 


10.31216 


11 


68807 


94105 


74702 


25298 


05895 


31193 


49 


12 


68829 


94098 


74732 




05902 


31171 


48 


13 


68852 


94090 


74762 


25238 


05910 


, 31148 


47 


14 


68875 


94083 


74791 


25209 


05917 


31125 


46 


15 


68897 


94076 


. 74821 


25179 


05924 


31103 


45 


16 


68920 


94069 


74851 


25149 


05931 


31080 


44 


17 


68942 


94062 


74880 


25120 


05938 


31058 


43 


18 


68965 


94055 


74910 


25000 


05945 


31015 


42 


1'9 


§8987 


94048 


74939 


25061 


05952 


31013 


41 

40 


20 


9.69010 


9.94041 


9.74969 


10.25031 


10.05959 


10.30990 


21 


69032 


94034 


74998 


25002 


05966 


30968 


39 


22 


69055 


94027 


75028 


'24972 


05973 


30945 


38 


23 


69077 


94020 


750SS 


24942 


05980 


30923 


37 


24 


69100 


^4012 


750B7 


24913 


05988 


30900 


36 


25 


69122 


94005 


75117 


24883 


05995 


30878 


35 


26 


69144 


93998 


75146 


24854 


06002 


30856 


34 


27 


69167 


' 93991 


75176 


24824 


06009 


30833 


33 


28 


69189 


93984 


75205 


24795 


06016 


30811 


32 


29 


69212 


93977 


75235 


24765 


06023 


30788 


31 
30 


9.69234 


9.93970 


9.75264 


10.24736 


10.06030 


10.30766 


31 


69256 


93963 


75294 


24706 


06037 


30744 


29 


32 


69279 


93955 


75323 


24677 


06045 


30721 


28 


33 


69301 


93948 


75353 


24647 


06052 


30699 


27 


34 


69323 


93941 


75382 


24618 


06059 


30677 


26 


35 


69345 


93934 


75411 


24589 


06066 


30655 


25 


36 


69368 


93927 


75441 


• 24559 


06073 


30632 


24 


3i^ 


69390 


93920 


75470 


24530 


06080 


30610 


23 


38 


69412 


^3912 


75500 


24500 


06088 


30588 


22 


39 
40 


69434 


93905 


75529 


24471 


06095 


30566 


21 
20 


9.69456 


9.93898 


9.75558 


10 24442 


10.06102 


10.30544 


41 


69479 


93891 


75588 


24412 


06109 


30521 


19 


42 


69501 


93884 


75617 


24383 


06116 


30499 


18 


43 


69523' 


93876 


75647 


24353 


06124 


30477 


17 


44 


69545 
69567 


93869 


75676 


24324 


06131 


30455 


16 


45 


93862 


75705 


24295 


06138 


30433 


15 


46 


69589 


93855 


75735 


24265 


06145 


30411 


14 


47 


69611 


93847 


75764 


24236 


06153 


30389 


13 


48 


69633 


93840 


75793 


24207 


06160 


30367 


12 


49 


69655 


93833 


75822 


24178 


06167 


30345 


11 
10 


50 


9.69677 


9.93826 


9.75852 


10 24148 


10.06174 


10.30323 


51 


69699 


93819 


75881 


24119 


06181 


30301 


9 


52 


69721 


93811 


7591Q 


24090 


06189 


30279 


8 


53 


69743 


93804 


75939 


24061 


06196 


30257 


7 


54 


69765 


93797 


75969 


C 


06203 


' 30235 


6 


55 


69787 


937m 


75998 


06211 


30213 


5 


56 


69809 


93782 


76027 


23973 


. 06218 


30191 


4 


57 


69831 


93775 


76056 


23944 


06225 


30169 


3 


56 


69853 


93768 


76086 


23914 


06232 


30147 


2 


59 


69875 


93760 


76115 


23885 


06240 


30125 


1 


60 


69897 


• 93753 


76144 


23856 


06247^ 


30103 





Co sine. 


Sine. 


Co-tan j(. 


Tans:. 


Co -secant 


Secant. 


M. 



60 Degrees. 



138 



l^nes^ Tang, and Sec. 30 Degrees. 



M. 



1 

3 
3 

4 
S 
6 

r 

8 
9 

15" 

11 

13 

13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.69897 
69919 
69941 
69963 
oSfMn 

rooo6 

70028 
70050 
70079 
70093 



9.70115 
70137 
70159 
70180 
703QS 
70224 
70245 
70267 
70288 
0310 



Cu-«ine. 

9.93753 
93746 
93738 
93731 
93724 
93717; 
93709 
93702 
93695 
93687 



9.70332 
70353 
70375 
70396 
70418 
70439 
70461 
70482 
70504 
70525 

9.70547 
70568 
70590 
70611 
70633 
70654[ 
70675 
70697 
70718 
70739 



9.70761 
70782 
70803 
70824 
70846 
70867 
70886 
70909 
70931 
70952 



9.70973 
70994 
71015 
71036 
71058 
71079 
71100 
711 1 
71142 
71163 
71184 



ranjjtMi^, 



9.93680 
93673 
93665 
93658 
93650 
93643 
93636 
93628 
93621 
93614 



9.93606 
93599 
93591 
93584 
93577 
93569 
93562 
93554 
93547 
93539 



9.93532 
93525 
93517 
93510 
93502 
93495 
93487 
93480 
93472 
93465 



9.93457 
93450 
93442 
93435 
93427 
93420 
93412 
93405 
933i}7 

' 93390 



9.93382i 
93375 
93367 
93360 
93352 
93344 
93337 
93329 
93 .22 
933141 
93307 



9.76144 
76173 
76203 
76231 
76261 
76290 
76319 
76348 
76377 
764^) 6 

9.76435 
7^^464 
76493 
76522 
76551 
76580 
76609 
76639 
76668 
76697 



CoUtiK' 



10.23856 
23827 
33798 
23769 
33739 
23710 
33681 
33652 
33623 
33594 



9.76725 
76754 
76783 
76812 
76841 
76870 
76899 
76928 
76957 
76986 



9.77015 
77044 

77073 
77101 
77130 
77159 
77188 
77217 
77246 
77274 



9.7r.03 
77332 
77361 
77w90 
77418 
77447 
77476 
rr505 
77533 
77562 



9.77591 
77619 
77^48 
77677 
77706 
77734 
77763 
77791 
77820 
77349 
77S77 




10.0634: 



10,33565 

33536 
23507 
33478 
33449 
33430 
33391 
33361 
33332 
23303 

10.23275! 
23246 
23217 
33188 
33159 
33130 
23101 
33073 
33043 
33014 



06; 

06269 

06376 

06383 

06291 

06: 

06313 } 
10.06320; 



10.3011 

aowti 

30059 

soov 

^0016 




29907 




06343! 
0635Q 
06357 
06364 
06372 
06379 
0638C 



10.22985 
22956 
22927 
22899 
22870 
22841 
22812 
22783 
32754 
22726 



10.06394 
06401 
06409 
06416 
0iS42S 
06431 



10.S9885 
29663 
39841 
29820 
39798 
29776 
29755 
29733 
29713 
29690 



10.29668 
29647 
29625 
29604 
29. 
29561 



49 
48 
47 
46 
45 
44 
43 
42 
41* 




06461 



10.22697 
22(>68 
22639 
22610 
22582 
22553 
22524 
22495 
22467 
2438 



10.06468 
06475 
06483 
06490 
06498 
06505 
06513 
06520 
06528 
06535 




10.)H53| 30 
29432 29 
39410 28 
29389 27 
29367 26 



^0.22409 
22381 
22352J 
22323 
22^94 
22266 
22237 
22209 
22180 
22151 
22123 



10.06543 
06550 
06558 
06565 
06573 
06580 
06588 
06595 
06603 
066101 



10.06618 
06625 



39346 


25 


29325 


24 


39303 


23 


39283 


!£{ 


99261 


21 


10.29239 


'IS' 


29218 


19 


29197 


18 


29176 


[17 


29154 


1$ 


29133 


15 


29112 


14 


39091 


13 


29069 


12 


29048 


a 



Co siiK-. I Sine. , Co-tanpr.l Taiipr* 

59 Degrees. 



06633 


28985 


06640 


28964 


^ 06648 


28942 


06656 


38921 


06663 


28900 


06671 


2887S 


06678 


28858 


06686 


28SJ7 


06693 


38816 


Co-secant 


Secant. 



10.29027 10 
290061 9 
8 
7 
6 
5 
4 
3 
3 
1 




M. 



Artificial Sines, Tang, and Sec. 3 1 Degrees. 139 



|¥> 


1 Sine, 


Co sine. 


T HK 


Co taD|^. 


Serant. 


CO'Secar 
10.28816 


60 


. 


9.71184 


9.93307 


9.77877 


10.22123 


10.06693 


1 


71205 


93299 


77906] 22094 


06701 


28795 


59 


2 


712^6 


93291 


77935 


22065 


06709 


28774 


58 


3' 


71247 


93284 


77963 


.22037 


06716 


28753 


57 


4 


71268 


93276 


77992 


22008 


06724 


287^ 


56 


5 


71289 


93269 


78030 


21980 


06731 


28711 


55 


6 


71310 


93261 


78049 


21951 


06739 


28690 


54 


7 


71331 


. 9.3253 


78077 


2192J 


068^47 


28669 


53 


8 


71352 


93246 


78106 


. 21894 


06754 


- 28648 


52 


9 
10 


71373 
9.713 ;3 


93238 


78135 


21865 


06762 


28627 


51 

50 


9.93230 


9.78163 


10.21837 


10.06770 


10.28607 


11 


^1414 


93223 


78i92 


21808 


06777 


28586 


49 


12 


71435 


93215 


78220 


21780 


. 06785 


28565 


48 


13 


71456 


93207 


78249 


21751 


06793 


28544 


47 


14 


71477 


93200 


78377 


21723 


06800 


28523 


46 


15 


71496 


93192 


78306 


21694 


06808 


28502 


45 


16 


71519 


93184 


7^34 


21666 


06816 


28481 


44 


17 


71539 


93177 


78363 


21637 


06823 


28461 


43 


18- 


71560 


93169 


78391 


21609 


06831 


28440 


42 


19 
20 


71581 


93161 


78419 
9.78448 


21581 


06839 


28419 


41 

40 


9.71602 


9.93154 


10.21552 


10.06846 


10.28398 


21 


71622 


931461 


78476 


21524 


06854 


28378 


.39 


22 


71643 


93138 


7850$ 


21495 


06862 


28357 


38 


23 


71664 


93131 


78533 


21467 


06869 


28J36 


37 


24 


716.:55 


93123 


78562 


21438 


06877 


28.il5 


36 


Je5 


71705 


93115 


78590 


21410 


06885 


28295 


35 


26 


71^6 


93108 


78618 


21382 


06893 


28274 


34 


27 


.71747 


93100 


78647 


21353 


06900 


28253 


33 


28 


71767 


9309^ 


78675 


21325 


06908 


28233 


32 


29 


71788 


93084 


78704 
9.78732 


21296 


06916 


28212 


31 
SO 


•'30 


9.71809 


9.93077 


10.21268 


10.06923 


10.28191 


31 


71829 


93069 


78760 


21240 


06931 


28171 


29' 


32 


71850 


93061 


78789 


21211 


06939 


28150 


28 


33 


V1870 


93053 


78817 


21183 


06947 


28130 


27 


34 


71691 


93046 


78845 


21155 


06954 


28109 


26 


35 


71911 


93038 


78874 


21126 


06962 


2>;089 


25 


36 


. 71932 


93030 


78902 


21098 


06970 


28068 


24 


37 


71952 


93022 


78930 


?1070 


06978 


28048 


23 


38 


71973 


93014 


78959 


21041 


06986 


28027 


22 


39 

40 


71994 


93007 


78987 


21013 


06993 


28cro7 


21 


9.72014 


9.92999 


9.79015 


10.20985 


10.07001 


10.27986 


20 


41 


72034 


92991 


79043 


20957 


07009 


27966 


19 


42 


72055 


92983 


79072 


20928 


07017 


27945 


18 


43 


72075 


92976 


79100 


20900 


07024 


27925 


17 


44 


72096 


92968 


79128 


20872 


07032 


27904 


16 


45 


72116 


92960 


79156 


20844 


07040 


, 27884 


15 


46 


72137 


92952 


79185 


20815 


07048 


27863 


14 


47 


7215r 


92944 


79213 


20787 


07056 


27843 


13 


48 


72177 


92936 


79341 


20759 


07064 


27823 


12 


49 

50 


72198 


92929 


79269 


20731 


07071 


27802 


11 


9.72218 


9.92V)21 


9.79297^ 


10.20703 


10.07079 


10.27782 


10 


51 - 


72238 


92913 


79326 


20674 


07087 


27762 


9 


52 


73259 


92905 


79354 


20646 


07095 


2774 J 


8 


s% 


72279 


92897 


79382 


20618 


07103 


27721 


7 


54, 


72299 


92889 


79410 


20590 


07111 


27701 


6 


S5 


72320 


92881 


79438 


20562 


67119 


27680 


5 


56 


7234<) 


92874 


79466 


20.34 


07126 


27660 


4 


57 


72360 


92866 


79495 


20505^ 


07134 


27640 


3 


\ 58 


72381 


92858 


79523 


20477 


07142 


27619 


2 


59 


72401 


92850 


79551 


20449 


07150 


2759P 


1 


60 


72421 


92842 


79579 


20421 


07158 


27579 





Cosine . 


Sine . 


Co-tang- 


tan^. 


Co -secant 


Secant. 


M. 



58 Degrees. 



140 Artifcial Sines, Tang, and Sec S2 Degrees. 



M. 





1 

2 
3 
4 
5 

6 
7 
8 
9 



Sine. 



10 
11 
13 
13 
14 
15 
16 

vr 

18 
19 



20 
21 
22 
33 
24 
25 
26 
27 
28 
29 

"30" 
31 
32 
33 
34 
35 
36 
Z7 
38 
39 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 



50 
51 
52 
SZ 
54 
S5 
5^ 
57 
58 
59 
60 



9.72421 
73441 
73461 
73482 
72508 
78522 
72543 
72562 
72582 
72602 



Connc. 



9.92842 
92834 
92826 
92818 
92810 
92803 
93795 
93787 
93779 
92771 



9.73623 
72643 
73663 
73683 
72703 
73723 
72743 
72763 
73783 
73803 



9.72883 
73843 
72863 
73883 
72903 
73933 
73942 
73963 
73983 
73002 



9.73032 
73041 
73061 
73081 
73101 
' 73121 
73140 
73160 
73180 
73900 



9.73219 
73239 
73259 
73278 
73298 
73318 
73337 
7^57 
7^77 
73396 



9.73416 
73435 
73455 
73474 
73494 
73513 
73SZ3 
73552 

7':^sr^ 

73591 
.73611 



9.1^763 
93755 
93747 
93739 
93731 
93723 
92715 
92707 
92699 
£12691 



'9.920B3 
92675 
92667 
93659 
93651 
93643 
92635 
92627 
93619 
93611 



9.92603 
93595 
92587 
92579 
93571 
92563 
92555 
92546 
92538 

. 92530 



9.9252:^ 
92514 
92506 
92498 
92490 
92482 
92473 
92465 
92457 
92449 



9.92441 
9243J 
92425 
92416 
93408 
92400 
92392 
92384 
92376 
92367 
92359 



Tangent. 



9.79579 
79607 
79635 
79663 
79691 
79719 
79747 
7*76 
79804 
79832 



9.79860 
79888 
79916 
79944 
79972 
80000 
80028 
80056 
80084 
80113 



9.80140 
80168 
80195 
80323 
80251 
80279 
80S07 
80335 
80363 
80391 



9.80419 
«0447 
80474 
80502 
80530 
80558 
80586 
80614 
80642 
80669 



9.80697 
80725 
80753 
80781 
80808 
80836 
80864 
80892 
80919 
80947 



Co-sine . 



9.80975 
81003 
81030 
81058 
81086 
81113 
81141 
81169 
81196 
81224 
81252 



Sin<r. I Co-tan^r. 



Co-tang < 



10.20431 
30393 
30365 
20337 
20309 
20281 
20253 
20224 
30196 
20168 



Secant • f Co«aecnnt 

TO.OTISS) 10.27^79 

27559 
27539 
2^518 



DUI 



071 

07174 

07182 

07190 

07197 

07205 

07213 

07221 

072291 



10.30140 
30112 
30084 
20056 
20038 
20000 
19972 
19944 
19916 
19888 



10.19860 
19832 
19805 
19777 
19749 
19721 

19693 
19665 
19637 
19609 



10.19581 
19553 
19526 
19498 
19470 
19442 
19414 
19386 
19358 
19331 



10.19303 
192751 
19247 
19219 
19192 
19164 
19136 
19108 
19081 
19G53 



10.19025 
18997 
18970 
18942 
18914 
18887 
18859 
18831 
18804 
18776 
18748 

Tan p. 1 



10.07237 
07245 
07253 
07261 
07269 
07277 
07285 
07293 
07301 
07309 



10.07.,17 
07325 
0733S 
07341 
07349 
07357 
07365 
07373 
07381 
07389 



60 
59 
58 
571 






10.07397 
07405 
07413 
07421 
074291 
07437 
07445 
07454 
07462 
074 70 

10.07478 
07486 
07494 
07502 
07510 
07518 
07527 

QT543 
07551 



10.07559 
07567 
(fr57S 
07584 
07592 
07600 

- 076CP 
07616 
07624 
07633 
07641 



3r49a 56 
2747» 55 
374SB{ M 
27438153 



374181 
27398 



10,27J78 
27357 
^337 
27317 
27297 
27277 
27257 
27237 
27217 
27197 




10.27177 
27157 
27137 
27117 
27098 
2707, 



52 
51 



50 
49 
48 
47 
46 
45 
44 
43 
42 
41 



1OB78 
26959 
26939 
26919 
26899 
26879 
26860 
26840 
26820 
26800 



10.26/81 
26761 
26741 
26722 
26702 
26683 
2666;^ 
26643 
26623 
36604 



30 

29 
28 
27 
26 
25 
24 
23 
22 
21_ 

20 
19 
18 
17 
16 
15 
14 
13 
12 

n 



m.26584 


10 


26565 


9 


26545 


8 


26526 


. 7 


26506 


6 


26487 


5 


26467 


4 


26448 


3 


26428 


3 


26409 


1 


26389 






Co-secant{ Secant. ( M. 



57 Degrees. 



H 



Artificial Sines, Tang, and Sec. 33 Degrees. 141 



M. 


Sine. 


Co-sine. 


Tangent. 


Co-tan^. 


Secant. Co secant [ 


I 





9.73611 


9.92359 


9.81252 


10.18748 


10.07641 


10.26389 


60 


1 


73630 


92351 


81279 


18721 


07649 


36370 


59 


2 


7^m^ 


92343 


81307 


18693 


07657 


26350 


58 


3 


73669 


92335 


81335 


18665 


07666 


26331 


57 


4 


73689 


92326 


81362 


18638 


07674 


26311 


36 


5 


73708 


92318 


81390 


18610 


07682 


26292 


^S 


6 


73727 


92310 


81418 


18582 


07690 


26273 


54 


7 


73747 


. 92302 


81445 


18555 


07698 


26253 


s":^ 


8 


73766 


92293 


81473 


18527 


07707 


26234 


52 


9 


t73785 


92285 


81500 


18500 


07715 


26215 


51 

50 


10 


9.73805 


9.92277 


9.815^ 


10.18472 


10.07723 


10.26195 


11 


73824 


92269 


B1556 


18444 


, 07731 


26176 


49 


12 


73843 


92260 


81583 


18417 


07740 


26157 


48 


13 


73863 


92252 


81611 


18389 


07748 


26137 


47 


14 


73882 


92244 


81638 


18362 


^75& 


26118 


46 


15 


73901 


92235 


8166^ 


18334 


07765 


26099 


45 


16 


73921 


92227 


81693 


18307 


07773 


26079 


44 


17 


. 73940 


92219 


81721 


18279 


07781 


26060 


43 


48 


73959 


92211 


81748 


18252 


07789 


26041 


42 


19 


73978 


92202 


81776 


18224 


07798 


26022 


41 

46 


20 


9.73997 


9.92194 


9.81803 


10.18197 


10.07806 


10.26002 


21 


74017 


92186 


. 81831 


18169 


07814 


25983 


39 


22 


74036 


92177 


81858 


18142 


07823 


25964 


38 


23 


74055 


92169 


81886 


18114 


07831 


25945 


37 


24 


74074 


92161 


81913 


18087 


07839 


25926 


36 


2tf* 


74093 


92152 


81941 


18059 


07848 


25907 


35 


26 


74113 


92144 


819^8 


18032 


07856 


25887 


34 


27 


74133 


92136 


X 81996 


18004 


07864 


25868 


33 


28 


74151 


92127 


82023 


17977 


07873 


25849 


32 


189 


74170 


92119 


82051 


17949 


07881 


25830 


31 


UcT 


9.74189 


9.92111 


9.8207S 


10,17922 


10.07889 


10.25811 


30 


31 


74208 


92102 


82106 


17894 


07898 


25792 


29 


32 


74227 


92094 


82133 


17867 


0790^ 


25773 


28 


33 


74246 


92086 


82161 


17839 


07914 


25754 


v^ 


34 


74265 


92077 


82188 


17812 


^923 
07931 


25735 


26 


35 


74284 


92069 


82215 


17785 


25716 


25 


36 


74303 


92060 


82243 


vrrs7 


07940 


25697 


24 


37 


74322 


92052 


82270 


17730 


0794^ 


25678 


23 


38 


74341 


92044 


82298 


- 17702 


07956 


25659 


22 


39 


74S60 


92035 


82325 


17675 


(fl^& 


25640 


21 
20 


40 


9.74379 


9.92027 


9.82352 


10.17648 


10.07973 


10.25621 


41 


74398 


92018 


82380 


17620 


07982 


25602 


19 


42 


74417 


92010 


82407 


17593 


07990 


25583 


18 


43 


74436 


92002 


82435 


17565 


07998 


25564 


17 


44 


74455 


91993 


82462 


17538 


08007 


25545 


16 


45 


74474 


91985 


82489 


17511 


08015 


25526 


15 


46 


74493 


91976 


82517 


17483 


08024 


25507 


14 


47 


74512 


91968 


82544 


17456 


08032 


25488 


13 


48 


74531 


91959 


82571 


17429 


08041 


25469 


12 


49 
50 


1 74549 


91951 


82599 


17401 


08049 


25451 


11 

lo 


9.74568 


9.91942 


9.82626 


10.17374 


10.08058 


10.25432 


51 


74587 


91934 


82653 


17347 


08066 


25413 


9 


52 


74606 


91925 


82681 


17319 


08075 


25394 


a-. 


53 


74625 


91917 


82708 


17292 


08083 


"HSZl^, 


i' 


54 


74644 


91908 


.82735 


17265 


08092 


25356 


6 


SS 


74662 


91900 


82762 


17238 


08100 


25338 


5 


56 


74681 


91891 


82790 


17210 


08109 


25319 


4 


St 


74700 


91883 


83817 


17183 


08117 


25300 


3 


58 


74719 


91874 


82844 


17156 


08126 


25281 


2 


59 


74737 


91866 


82871 


17129 


08134 


25263 


1 


60 


.74756 


91857 


82899 


17101 


08143 


25244 





Co-sine • 


Sine. 


Co-tang. 


Tanfrent. 


Co-secant. 


Secant. 1 


M. 



5$ Degrees. 



Artificial Sines, Tang, and Sec 35 D^;rees. 143 



■r. 


Sine* 


! 


9.84523 


1.,. 15477 


>!>ecant. 


C) -secant. 
157^4141 


60- 





9^.75859 


9.91336 


10.08664 


1 


75srr 


91328 


84550 


15450 


08672 


24123 


59 


2 


75895 


91319 


84576 


15424 


08681 


24105 


58 


3 


75913 


91310 


84603 


' 15397 


08690 


24087 


57 


4 


75931 


91301 


846.30 


15370 


08699 


. 24069 


56 


5 


75949 


91292 


84657 


15343 


08708 


24051 


55 


6 


75967 


91283 


84684 


15316 


08717 


24033 


54 


7 


75985 


, 91274 


84711 


15289 


08726 


24015 


53 


S 


76003 


'91266 


84738 


15262 


08734 


23997 


52 


9 


760^31 


91257 


84764 


15236 


08743 


23979 


51 

50 


10 


9.7^9 


9.91248 


9.. ^4791 


10.15209 


10.08752 


10.23961 


U 


76057 


^1239 


84818 


15182 


08761 


23943 


49 


12 


76075 


91230 


84845 


15155 


08770 


23925 


48 


13 


76093 


91221 


84872 


15128 


08779 


23907 


47 


14 


76111 


9in2 


84899 


15i01 


08788 


• 2388y 


46 


15 


76129 


91203 


84925 


15075 


08797 


23871 


45 


16 


76146 


91194 


84952 


15048 


08806 


23854 


44 


17 


76164 


91185 


84979 


15u21 


08815 


23836 


43 


18 


76182 


91176 


85006 


14994 


. 08824 


23818 


42 


19 


76200 


91167 


85033 


14967 


08833 


23800 


41 
40 


SO 


9.76?18 


9.91158 


9.85059 


.10.14941 


10.08842 


10.23782 


21 


76236 


91149 


85086 


14914 


08851 


23764 


39 


33 


76253 


91141 


. 85113 


14887 


08859 


' 36747 


38 


23 


76271 


91132 


85140 


14860 


08868 


23729 


37 


24 


76289 


91123 


85166 


14834 


08877 


23711 


36 


35 


76307 


91114 


85193 


14807 


08886 


23693 


35 


26 


76324 


91105 


85220 


14780 


08895 


23676 


34 


27 


76342 


91096 


85247 


14753 


08904 


23658 


33 


28 


76360 


91087 


85273 


14737 


08913 


23640 


tS2 


29 


76378 


91078 


85300 


14700 


06922 


' 236^2 


31 
30 


55" 


9.76395 


9.91069 


9.85327 


10.14673 


10.08931 


10.23605 


31 


76413 


91060 


85354 


14646 


08940 


23587 


29 


32 . 


76431 


91051 


85380 


14620 


08949 


23569 


28 


33 


76448 


91042 


85407 


14593 


08958 


23552 


27 


34 


76466 


91033 


85434 


14566 


08967 


23534 


26 


35 


76484 


91023 


85460 


14540 


08977 


23516 
23499 


25 


36 


76501 


91014 


85487 


14513 


03986 


24 


37 


•76519 


91005 


85514 


14486 


08995 


23481 


23 


38 


76537 


90996 


85540 


14460 


09004 


23463 


?,2 


39 


76554 


90987 


• 85567 


14433 


. 09013 


23446 


21 


40 


9.76572 


9.90978 


9.85594 


10.14406 


10.09022 


10.23428 


20 


41 


76590 


90969 


85620 


14380 


09031 


23410 


19 


42 


76607 


90960 


85647 


14353 


0904U 


23393 


18 


43 


76625 


90951 


85674 


14326 


09049 


23375 


17 


44 


76642 


90942 


85700 


14300 


09058 


23358 


16 


45 


76660 


90933 


85727 


14273 


09067 


23340 


15 


46 


76677 


90924 


85754 


14246 


09076 


23323 


14 


47 


76695 


90915 


85780 


14220 


09085 


23305 


13 


48 


' 76712 


90906 


85807 


14193 


09095 


23288 


12 


49 


76730 


90896 


85834 


14166 


09104 


23270 
iO.23253 


11 
10 


50 


9.76747 


9.90887 


9.85860 


10.14140 


1O.09U3 


51 


76765 


90878 


85887 


14113 


09122 


23235 


9 


52 


76782 


' 90869 


85913 


14087 


09131 


23218 


8 


53 


76800 


90860 


85940 


14060 


09140 


23200 


7 


54 


76817 


90851 


85967 


14033 


09149 


23183 


6 


55 


76835^ 


90842 


85993 


i4007 


09158 


23165 


5 


56 


76852 


90832 


86020 


' 13980 


091^8 


23148 


4 


57 


76870 


908.3 


86046 


M3954 


09177 


23130 


3 


58 


7688? 


90814 


86073 


13927 


09186 


23113 


2 


59 


769041 


90805 


86100 


13900 


09195 


23096 


1 


60 


769?2 


90796 


86126 


13874 


09204 


23078 







Co-sine. 


Sine . 


Covr;.<. 


Tang^enl. 


Co-secant. 


Secant. M.I 



54 Deg^s, 



144 Artificial Sines, Tang, and Sec. 36 Degrees. 



M. 





1 

3 
3 
4 
5 
6 
7 
8 
9 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



Srni*. 



9.76933 
76939 
76957 
76974 
769r'l 
770091 
77026 
77043 
77061 
770781 



9.77095 
77112 
77130 
77147 
77164 
77181 
77199 
77216 
77233 
77250 



9.77258 
7r2S5 
77302 
77319 
77336 
77353 
77370 
77387 
77405 
77422 



9.77439 
77456 
77473 
77490 
77S07 
775 >4 
77541 
77558 

77srs 

77592 



9.77609 
77626 
77643 
77660 
77er7 
77694 
77711 
77728 
77-44 
77761 



9.77778 
77795 
77812 
77829 
77846 
77862 
77879 
77896 
77913 
77930 
77946 



Co-sine. 



Ci -Aipe* 



9.90796 
90787 
90777 
90768 
90759 
90750 
90741 
90731 
90722 
90713 



9.90704 
90694 
90685 
90676 
90667 
90657 
90648 
90639 
90630 
90620 



9.90611 
90602 
90592 
90583 
90574 
90565 
90555 
90546 
90537 
90527 



9.90518 
90509 
90499 
90490 
90480 
90471 
90462 
90452 
90443 
90434 



9.90424 
90415 
90405 
90396 
90386 
90377 
90368 
90358 
90349 
90339 



9.90330 
90320 
90311 
90301 
90292 
90282 
90273 
90263 
90254 
90244 
90235 



Tangent. 



9.86126 
86153 
86179 
86206 
86232 
86259 
86285 
86313 
86338 
86365 



9.86393 
86418 
86445 
86471 
86498 
86534 
86551 
86577 
86603 
86630 



9.86656 
86683 
86709 
96736 
86762 
86789 
86815 
86942 
86868 
86894 



9.86931 
86947 
86974 
87000 
87027 
87053 
87079 
87106 
87132 
87158 



9.87185 
87211 
87238 
87364 
87290 
87317 
87343 
87369 
87396 
87422 



9.87448 
87475 
87501 
87527 
87554 
87580 
87606 
87633 
87659 
87685 
87711 



Co-tang. 



10. 



15: 



3608 
3583 
3555 
3539 
13503 
3476 
3449 
3433 
3397 
3370 



10. 



10. 



10. 



10. 



3S74 
3847 
3831 
3794 
3768 
3741 
3715 
3688 
3663 
3635 



3344 
3317 
3191 
3264 
3238 
3211 
3185 
3158 
3132 
3106 



3079 
3053 
3026 
3000 
2973 
2947 
2931 
3894 
3868 
3843 



3815 
3789 
2763 
3736 
2710 
2683 
2657 
2631 
2604 
2578 

2525 
2499 
2473 
2446 
2420 
2394 
2367 
2341 
2315 
2289 



Secant. tCo.secaAt- 



10.09004 
09213 
0P223 
09233 
09241 
09350 
09359 
09266 
09378 
09387 



10.09396 
09306 
09315 
09324 
09333 
09343 
09353 
09361 

09m 
09380 



10^.09389 
09398 
09408 
09417 
09436 
09435 
09445 
094541 
09463 
09473 



10 



.2307^ 
23061 
3304^ 




I 



10.22905 
22888 
22870 
22853 
22836 
32819 
32801 
32784 
327^ 
23750 



10.09482 
09491 
09501 
09510 
09530 
09529 
09538 
09548 
09557 
09566 



10.09576 
09585 
09595 
09604 
09614 
09633 
09633 
09642 
09651 
09661 



10.09670 
09680 
09689 
09699 
09708 
09718 
09727 
09737 
09746 
09756 
09765 



Sine . I Co»tany . i Tangent . jCo-secant 

53 Degreies. 



10.22732 40 
22715 39 
32698 38 
22681 37 
22664 36 
22647tSS' 
226301 34 
226131 33 
225951 32 
225781 31 



50 
4d 
48 
47 
46 
45 
44 
43 
42 
41 



10.22561{ 30 
29 



22527 
23510 
23493 
23476 
23459 
33442 
22425 
22408 



10.22391 
2S>374 
22357 
22340 
22324 
22306 
22289 
23^ 
32256 
22239 



10.22322 
23305 
23188 
32171 
32154 
33138 
22131 
33104 
33087 
33070 
220541 



38 
37 
36 
35 
34 
33 
32 
21 



20 
19 
18 
17 
16 
15 
14 
13 
13 
11 



10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




Secant. I M. 



Artificial Sines, Tang, and Sec. S7 Degrees* 1^45 



nr. 


Sine. 


CO'Sine. 


Tangjent. 


Co-tang*. 


Se(;ant. 


Co-secant 


60 


.*o 


9.77946 


9.90235 


9.87711 


10*12289 


10*09765 


10.22054 


1 


77963 


90225 


87738 


12262 


09775 


22037 


59 


2 


77980 


90216 


87764 


• 12236 


09784 


22020 


58 


3; 


77997 


90206 


87790 


12210 


09794 


22003 


S7 


4 


. 78013 


90197 


87817 


12183 


09803 


21987 


56 


5 


78030 


90187 


87843 


12157 


09813 


21970 


55 


5 


78047 


90178 


87869 


, 12131 


09822 


21953 


54 


7 


78063 


90168 


87895. 


12105 


09832 


21937 


53 


8 


78080 


> 90159 


87922 


12078 


09841 


21920 


52 


9 


7^8097 


90149 


8^948 


12052 


09851 


21903 


51 

50 


io 


9.78113 


9.90139 


9.87974 


.10.12026 


10.09861 


10 i 21887 


11 


78130 


90130 


88000 


12000 


09870 


21870 


49 


12 


78147 


90120 


88027 


11973 


09880 


21853 


48 


13 


78163 


90111 


. 88053 


11947 


09889 


21837 


47 


14 


78180 


90101 


88079 


11921 


09899 


21820 


46 


15 


78197 


90091 


88105 


11895 


09909 


21803 


45 


16 


78213 


90082 


88131 


11869 


09918 


, 21787 


44 


1/ 


^ 78230 


90072 


88158 


11842 


• 09928 


21770 


43 


18 


78246 


90063 


88184 


11816 


09937 


21754 


42 


19 


78263 


90053 


88210 


11790 


09947 


21737 


41 

40 


20 


9.78280 


9.90043 


9.88236 


10.11764 


10.09957 


10.21720 


21. 


78296 


90034 


88262 


11738 


09966 


21704] 


39 


22 


78313 


90024 


88289 


11711 


09976 


21687 


38 


23 


78329 


90014 


88315 


1,1685 


09986 


21671 


37 


24 


78346 


90005 


88341 


11659 


09995 


21654 


36 


.25 


78362 


89995 


88367 


11633 


10005 


21638 


35 


26 


78379 


89985 


883^3 


11607 


10015 


• 21621 


34 


27 


78395 


89976 


88420 


11580 


10024 


21605 


33 


28 


78412 


89966 


88446 


11554 


. 10034 


' ' 21588 


•^3? 


29 


784^8 


89956 


88472 


11528 


' 10044 


21572 


30 


9.78445 


9.89947 


9.88498 


10ai502 


10.10053 


10*21555 


30 


31 


78461 


89937 


88524 


11476 


10063 


21539 


29 


32 


78478 


89927 


88550 


11450 


• 10073 


21522 


28 


33 


78494 


89918 


88577 


11423 


10082 


21506 


27 


34 


78510 


89908 


88603 


11397 


10092 


21490 


26 


35 


78527 


89898 


88629 


11371 


10102 


21473 


25 


36 


78543 


89888 


88655 


11345 


10112 


21457 


24 


37 


- 78560 


89879 


88681 


11319 


10121 


21440 


23 


38 


78576 


89869 


SS707 


• 11293 


10131 


21424 


22 


39 


78592 


^9859 


88! 33 


11267 


10141 


21408 
10.21391 


21 
20 


40 


9.78609 


9.89849 


9.88759 


10.11241 


10.10151 


41 


78625 


89840 


88786 


• 11214 


10160 


21375 


19 


42 


78642 


89830 


88812 


11188 


10170 


. 21358 


18 


48 


78658 


89820 


88838 


11162 


10180 


21342 


17 


44 


, 78674 


89810 


88864 


11136 


10190 


^326 


16 


4.5 


78691 


89801 


88890 


11110 


10199 


21309 


15^ 


46 


7S70r 


89791 


N 88916 


11084 


10209 


21293 


14 


47: 


78723 


89781 


88942 


11058 


10219' 


21277 


13^ 


48 


78739 


89771 


88968 


. 110^2 


10229 


21261 


12 


49 


76756 


89761 


88994 


11006 


10239 


21244 


10^ 
10 


50 


s 9.78772 


9.89752 


. 9.89020 


10.10981 


10.10248 


10.21228 


.'51 


78788 


89742 


89046 


10954 


10258 


21212 


9 


52 


78805 


89732 


89075 


10927 


10268 


21195 


8 


53 


78821 


89722 


89099 


10901 


10278 


21179 


7 


54 


78837 


89712 


89125 


10875 


1028b 


, 2H.63 


6 


55 


♦78853 


89702 


89151 


10849 


10298 


21147 


5 


56 


7eS69 


89693 


89177 


1082^: 


10307 


21131 


4 


57 


78886 


89683 


89203 


10797 


10317 


21114 


3 


58 


7fc902 


89673 


89229 


10771 


10327 


21098 


2 


59 


78918 


89663 


89255 


' . 10744 


10337 


2i082 


1 


. 60 


78934 


89653 


89281 


1071£ 


10347 


21066 



M. 


i 
t 1 


Cosine. 


Sine. 


Co-\ani»-. 


Tan jr. 


3o secant 


Secant. 



»T< 



52 De^ 



rees. 



146 Artificial Sines, Tang, and Sec 38 Degrees. 



•^n ( 



1 

3 
3 
4 
5 

7 
8 
9 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



20 
21 
23 
23 
24 
35 
26 
27 

29 



30 
31 
32 
33 

34 
35 
36 
37 
38 
39 



40 
41 
42 
43 
41 
45 
46 
47 
48 
49 



5Q 
51 
52 
53 
54 
SS 
56 

s:? 

58 
59 
«0 



Sine* 

9.78934 
78950 
78967 
78983 
78999 
79015 
79031 
79047 
79063 
790791 



9.79095 
79111 
79128 
79144 
79160 
79176 
79192 
79208 
79224 
79240 



9.79256 
79272 
79288 
79304 
79319 
79335 
79351 
79367 
•79383 
79399 



9.79415 
79431 
79447 
79463 
79478 
79494 
79510 
79526 
79542 
79558 



Co-ttnc. j 

9.89653 
89643 
89633 
89624 
89614 
89604 
89594 
89584 
89574 
89564 

9.89554 
89544 
89534 
89524 
89514 
89504 
89495 
89485 
89475 
89465 



Tanf^nt. 



9.79573 
79589 
79605 
79621 
79636 
79652 
79668 
79684 
79699 
79715 



9.79731 
79746 
79762 
79778 
79793 
79809 
79825 
79840 
79856 
79872 
79887 



Co sine. 



9.89455 
89445 
89435 
89425 
89415 
89405 
89395 
89385 
89375 
89364 



9.89354 
89344 
89334 
89324 
89314 
89304 
89294 

89274 
89264 



9.89254 
89244 
89233 
89223 
89213 
89203 
89193 
89ia3 
89173 
89162 



9.89152 
89142 
89132 
89122 
89112 
89101 
89091 
89081 
89071 
89060 
89050 



Co-tanfi^. 



9.89281 
893071 
89333 
89359 
89385 
89411 
89437 
89463 
89489 
89515 



9.89541 
89567 
89593 
89619 
89645 
89671 
89697 
89723 
89749 
89775 



9.89801 
89827 
89853 
89879 
89905 
89931 
89957 
89983 
90009 
90035 



9.90061 
90086 
90112 
90138 
90164 
90190 
"90216 
90242 
90268 
90294 



9.90320 
90346 
90371 
90397 
90423 
90449 
99475 
90501 
90527 
90553 



9.90578 
90604 
90630 
90656 
90682 
90708 
96734 
90759 
90785 
90811 
90837 



Sine, t Co-tang . 



10.10719 
10693 
10667 
10641 
10615 
10589 
10563 

. 10537 
10511 
104851 



Sec«n^ •. |Co 



!c«n^ •. V 

rioSm 



! 



10.10347\ 10 
10357 
10367 
10376 
10386 
10396 
10406 
10416 
10426 
10436 



10.1045 
10433 
10407 
10361 
10355 
10329 
10303 
10277 
10251 
10225 



10.10199 
10173 
10147 
10121 
10095 
10069 
10043 
10017 
09991 
09965 



10.09939 
09914 
09888 
09862 
09836 
09810 
09784 
09758 
09732 
'09706 



10.09680 
09654 
09629 
09603 
095771 
09551 
09525 
09499 
09473 
09447 



10.09422 
09396 
09370 
09344 
09318 
09292 
09266 
09241 
09215 
09189 
09163 



Tang. I 



10.10446 
10456 
10466 
10476 
10486 
10496 
10505 
10515 
10535 
10535 




10.10545 
10555 
10565 
10575 
10585 
1059^ 
10605 
10615 
10625 
10636 



10, 



10646 
10656 
10666 
10676 
10686 
10696 
10706 
10716 
10726 
10736 



10.10746 
10756 
10767 
10777 
10787 
10797 
10807 
10817 
10827 
10838 

10.10848 
10858 
10868 
10878 
10888 
10899 
10909 
10919 
10929 
10940 

■ * 10950 



.20905 
20889 
20872 
20856 
20840 
20824 
20808 
20792 
20776 
20760 



10.20744 

20728 
20712 
20696 
20681 



50 

48 
47 
46 
^ 
44 
43 
42 
41 




20617 
9Q601 



10.20585 
20569 
20553 
20537 
20522 
20506 
20490 
20474 
20458 
20442 



10.20427 
20411 
20395 
20379 
20364 
20348 
20332 
20316 
20301 
20285 



40 
39 
38 
37 
36 
2S 
34 
33 
32 
21 



30 
29 
26 
27| 

26 
25 
24 
23 
22 



Co-secanti Secant. 



10.20269 
20254 
20238 
20222 
20207 
20191 
20175 
20160 
20144 
20128 
20133 



20 
19 
18 

ir 

16 
15 
14 
13 
12 
11 

10 
9 
8 
7 
6 
5 
4 
5 
2 
1 

— 
M • > 



51 D^jces. 



Ardficial Sines, Tang, and Sec 39 Degrees. 147 





M. 




Sine . 


Co-sine. 


Tang. 


Co-ung. 


Secant. 


Co -secant 1 




9.79887 


9.89050 


. 9.90837 


10.09163 


10.10950 


10.20113 


60 




1 


79903 


89040 


90863 


09137 


10960 


20097 


5d 




2 


79918 


89030 


90889 


> 091U 


10970 


20082 


58 




3 


79934 


. 89020 


90914 


09086 


10980 


20066 


57 




4 


79950 


89009 


90940 


09060 


10091 


20050 


56 


t 


5 


79965 


88999 


90966 


■ 09034 


llOOi 


20035 


5$ 




6 


79981 


88989 


90992 


09008 


11011 


20019 


54 




7 


79996 


88978 


91018 


08982 


11022 


900(Vi 


53 




8 


80012 


88968 


91043 


08957 


11032 


19988 


52 


, 


9 

10 


80027 


88958 


91069 


08931 


11042 


199r3 


51 
5ff" 




9.80043 


9.88948 


9.91095 


10.0890^ 10.11052 


10.19957 




11 


80058 


88937 


91121 


08879 
08853 


11063 


19942 


49 




12 


80074 


88927 


91147 


11073 


1992d 


46 




13 


80089 


88917 


91172 


06828 


11083 


19911 


47 




14 


80105 


88906 


91198 


08802 


11094 


19895 


46 




15 


80120 


88896 


91224 


08776 


11104 


19880 


4i 




16 


80136 


88886 


91250 


08750 


11114 


19864 


44 




17 


80151 


88875 


91276 


08724 


11125 


19849 


43 




18 


80166 


. 88865 


91301 


08699 


11135 


19834 


42 




19 

20 


80182 


88855 


91397 


08673 


11145 


19818 


41 
46" 




9,80197 


9.88844 


9.91353 


10.08647 


10.11156 


10.19803 




21 


80213 


88834 


91379 


08621 


11166 


19787 


39 




22 


80228 


88824 


91404 


08596 


i;i76 


19772 


38 




23 


80244 


88813 


.91430 


08570 


11187 


19756 


37 




24 


80259 


'88803 


91456 


08544 


11197 


19741 


36 


f 


25 


80274 


. 88793 


91482 


08518 


11207 


19726 


35 




26 


80290 


88782 


91507 


08493 


11218 


19710 


34 




27 


80305 


88772 


91533 


08467 


11228 


19695 


33 




28 


80320 


88761 


91559 


08441 


11239 


19680 


32 




i9 
"5ii 


80336 


88751 


91585 


08415 


11249 


. 19664 


31 
30 




^.80351 


9.88741 


9.91610 


10.08390 


10.11259 


10.19649 




31 


80366 


88730 


91636 


08364 


11270 


19634 


29 




32 


80382 


,88720 


91662 


08338 


11280 


19618 


28 




33 


80397 


88709 


91688 


08312 


11291 


19603 


27 




34 


80412 


88699 


91713 


08287 


11301 


19588 


26 




35 


• 80428 


88668 


91739 


08261 


11312 


19572 


25 




36 


80443 


88678 


91765 


08235 


11322 


19557 


24 




"37 


80458 


88068 


91791 


08209 


11332 


19542 


23 


• 


38 


80473 


88657 


91816 


08184 


11343 


195^ 


22 




39 
40 


80489 


88647 


91842 


08158 


11353 


19511 


21 
20 




9.80504 


9.88636 


9.91868 


10.08132 


10.11364 


10.19496 




41 


80519 


88626 


91893 


08107 


11374 


19481 


19 




42 


80534 


88615 


91919 


08081 


11385 


19466 


18 




43 


80550 


88605 


9194^ 


08055 


11395 


19450 


17 




44 


80565 


8859^ 


91971 


08029 


11406 


19435 


16 




45 


80580 


88584 


91996 


08004 


11416 


19420 


15 




46 


80595 


88573 


92022 


07978 


114^r 


19405 


14 




47 


80610 


88563 


92048 


07952 


11437 


19390 


13 




48 


80625 


88552 


92073 


07927 


11448 


19375 


12 




49 
'50 


80641 


88542 


92099 


07901 


11458 

• 


19359 


11 




9.80656 


9.86531 


9.92125 


10.07875 


10.11469 


10.19344 


10 




51 


80671 


88521 


92150 


07850 


11479 


19329 


9 




52 


80686 


88510 


92176 


07324 


11490 


19314 


8 




53 


80701 


-88499 


92202 


07798 


11501 


19299 


7 




54 


80716 


-98489 


92227 


07773 


11531 
11522 


19284 


6 




55 


80731 


88478 


93253 


07747 


19269 


5 




56 


. 80746 


88468 


92279 


07721 


.11532 


19354 


4 




57 


80762 


88457 


92304 


07696 


11543 


19^38 


3 




58 


' 80777 


88447 


92330 


07670 


11553 


19223 


2 




59 


80792 


88436 


92356 


07644 


11564 


19208 


1 




60 


80807 


88425 


923^1 


07619 


11575 


19193 







Co-sine. 


Sine. 


Co-tang. 


T«nff. 


Co.secant 


Secant. 


M. 
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M. 


5-'!ne. 


Co-sine. { 


Tang-ent. 


Co-tang^. 


Secant. 
10.12222 


Co-secant. 







9.81694 


9.87778 


9.93916 


10j0608i 


10.18306 


60 


1 


81709 


87767 


93942 


06058 


12233 


18291 


59 


2 


81723 


87756 


93967 


06033 


12244 


18277 


58 


3 


81738 


87745 


93993 


06007 


12255 


18262 


57 


4 


81752 


87734 


94018 


05982 


12266 


18246 


56 


S 


81767 


87723 


94044 


05956 


12277 


18233 


55 


6 


81 781 


87712 


94069 


05931 


12288 


18219 


54 


7 


81796 


87701 


94095 


05905 


12299 


18304 


53 


8 


81810 


87690 


94120 


05880 


12310 


18190 


52 


9 


. 81825 


87679 


94146 


05854 


12321 


18175 


51 

50 


10 


9.81839 


9.87668 


9.94171 


10.05829 


10.12332 


10.18161 


11 


81854 


S7657 


94197 


05803 


12343 


18146 


49 


12 


81868 


87646 


94222 


05778 


12354 


18132 


48 


13 


81882 


87635 


94248 


05752 


12365 


18118 


47 


14 


81897 


87624 


94273 


05727 


12376 


18103 


46 


15 


81911 


87613 


94299 


05701 


12387 


18089 


45 


16 


81926 


87601 


94324 


05676 


12399 


18074 


44 


n 


' 81940 


87590 


94350 


05650 


12410 


18060 


43 


18 


81955 


87579 


94375 


05625 


12421 


18046 


42 


19 


81969 


87568 


94401 


05599 
lo!B5574 


12432 


18031 


41 

40 


20 


9.81983 


9.87557 


9.94426 


10.12443 


10.18017 


21 


81998 


87546 


94452 


05548 


12454 


18002 


39 


22 


82012 


&7535 


94477 


05523 


42465 


17988 


38 


.23 


82026 


87524 


94503 


, 05497 


12476 


17974 


37 


,24 


82041 


87513 


94528 


05472 


12487 


17959 


36 


ms 


82055 


87501 


94554 


05446 


12499 


17945 


35 


26 


82069 


87490 


94579 


05421 


12510 


17931 


34 


27 


82084 


87479 


94604 


05396 


12521 


17916 


33 


28. 


82098 


87468 


94630 


05370 


12532 


17902 


32 


29 


82112 


87457 


94655 


05345 


12543 


17888 


31 
30 


30 


9.82126 


9.87446 


9.94681 


10.05319 


10.12554 


10.17874 


31 


82141 


87434 


94706 


05294 


12566 


17859 


29 


32 


82155 


87423 


94732 


05268 


12577 


17845 


28 


'33 


82169 


87412 


94757 


05243 


12588 


17831 


27 


34 


82184 


87401 


94783 


05217 


12599 


17816 


26 


35 


82198 


87390 


94808 


05192 


12^10 


17802 


25 


36 


82212 


87378 


94834 


05166 


12622 


17788' 24 


37 


82226 


87367 


94859 


05141 


12633 


17774! 23 


38 


82240 


87356 


94884 


05116 


12644 


17760,' 22 


39 


82255 


87345 


94910 


05090 


12655 


17745 


121 


40 


9.82269 


I 9.87334 


9.94935 


10.05065 


10.12666 


10.17731 


,20 


41 


82283 


8732? 


94961 


05039 


12678 


17717 


19 


42 


82297 


87311 


^986 


05014 


12689 


17703; 18 


43 


82311 


87300 


95012 


04988 


12700 


17689 17 


44 


82326 


87288 


95037 


04963 


12712 


17674 16 


45 


82340 


87277 


95062 


04938 


12723 


17660; 15 


46 


82354 


87266 


95088 


04912 


12734 


17646 14 


47 


82368 


87255 


95113 


04887 


12745 


17632. 13 


48 


82382 


87243 


95139 


04861 


.12757 


17618 12 . 


49 
50 


82396 


87232 


95164 


04836 


12768 


17604 


11 


9.82410 


9.87221 


9.95190 


10.04810 


10.12779 


10.17590 


10 


51 


82424 


87209 


95215 


04785 


12791 


17576 9 


52 


82439 


87198 


95240 


04760 


12802 


17561 8 


53 


82453 


87187 


95266 


04734 


12813 


175471 7 


54 


82467 


87175 


95291 


04709 


12825 


17533 6 


55 


82481 


87164 


95317 


04683 


12836 


17519 5 


56 


83495 


87153 


'95342 


04658 


12847 


17505 


4 


57 


82509 


87141 


; 95368 


046S2 


12859 


17491 


3 


58 


82523 


87130 


; 95393 


04607 


12870 


17477 


2 


59 


82537 


87119 


» 95418 


04582 


12881 


17463 


1 


•60 


82551 


87107 


V 95444 


04556 


12893 


17449 


o' 

M. 




, Co-sine. 


Sincj. ^ 


Co-tang. 


Tanjfcnt. 


Co-secant. 


Secant. 




- 


f 


itft n# 


»0'r#»A« 




, 





,^ Artificial Sines, Tang, and Sec* 43 Degrees. 151 



M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



Sine. 



20 

21 

23^ 

23 

24 

25 

26 

27 

28 

29 



30 
31 
32 
33 
34 
35 
36 
37 
38 
39 



40 
41 
42 

43 
44 
45 
46 

47 
48 

49 



51 

$2 
53 
54 
55 

56 
ST 
58 
59 
60 



9.83378 
83392 
83405 
83419 
83432 
83446 
83459 
83473 
83486 
83500 



Co-sine. 



9.83513 
83527 
83540 
83554 
83567 
a3581 
83594 
83608 
83621 
83634 

9.83648 
83661 
83674 
83688 
83701 

. 83715 

83728 

83741 

83755 

' 83768 



9.83781 
83795 
83808 
83821 
83834 
83848 
83861 
83874 
83887 
83901 



9.83914 
83927 
83940 
83954 
83967 
' 83980 

; 88993 
84006 
84020 
84033 

9.84046 
84059 

r 84072 
84085 
81098 
84112 
- 84125 
ik4138 

H^m 

. 841^ 
8417 



9.86413 
86401 
86389 
86377 
86366 
86354 

• B6342 
86330 
86318 
86306 



Tiangent 

9.96966 
96991 
97016 
97042 
97067 
97092 
97118 
97143 
97168 
97193 



.86295 
86283 
862n 
86259 
86247 
86235 
86223 
86211 
86200 
86188 



9.97219 
97244 
97269 
97295 
973:20 
97345 
97371 
97396 
97421 
97447 



Co-tafty j 

10.03034 
03009 
02984 
02958 
02933 
02908 
02882 
0^857 
02832 
02807 



Secant. 



10.13587 
13599 
i«6i: 
13633 
1363* 
13646 
13658 
13670 
13682 
13694 



9.86176 
86164 

86152 
861401 
86128 
86116 
86104 
86092 
86080 
86068 



9.97472 
97497 

. 97523 
97548 
97573 
97598 
97624 
97649 
97674 
97700 



10.02781 
02756 
02731 
02705 
02680 
02655 
02629 
02604 
02579 
02553 



10.13705 
13717 
13729 
13741 
13753 

* 13765 
13777 
13789 
1S800 
13812 



Co-siue. 

10.16622 
16608 
16595 
16581 

V .- 16568 
16554 
^^^541 
16527 
16514 
16500 



9.86056 
86044 
86032 
86020 
86008 
85996 
85984 
85972 
85960 
85948 

m 

S6924> 
85912 
85900 
85888 
85876 
85864 



9; 



<•« 



9.97725 
97750 
97776 
97801 
97826 
97851 
97877 
97902 
97927 
97953 



10.02528 
02503 
02477 
02452 
02427 
02402 
02376 
02351 
02326 
02300 



9.97978, 
9 



10.02275 
02250 
02224 
02199 
02174 
02149 
02123 
05098 
02073 
02047 





V98130 

85a^; 98154: 



J^ 



6839 

83$27 

9.85ltls; 

858D3 

sstH 

857?«) 

85766 

85744. 

SS74Sr 

85730' 

85718 

85706 

85693 




9^180 
V98-206 

98256 
98281 
98307 
98332 
98357 
98383 
98408 
98433 
98458 
. 98484 



01997 
01971 
01946J 
01921 
4)1896 
01870 
01845 
01820 
01794 



10.13824 
13836 
13848 
13860 
13872 
.13884 
13896 
13908 
13920 
13932 



Co>tangp. 



10.01769 
01/^44 
01719 
01693 
01668 
01643 

. 01617 
01592 
01567 
01542 
01516 



Tangent. 



10.14185 
14197 
H209 
14221 
1429^ 
14246 
14258 
14270 
1428$ 
14294 

.. wsof 









46 Degites. 



Co-secant 



10.16487 
16473 
16460 
16446 
16433 
16419 
16406 
16392 
16379 
16366 



10.16352 
16339 
16326 
16312 
16299 
16285 
16272 
16259 
16245 
1623*> 



10.13944 
23956 
13968 
13980 
. 13992 
14004 
14016 
14028 

. i¥m 

"loTESJSi 

14076 
14008 

uiiar 

14124 
14136 
14149 
14161 
14173^ 



10.16219 
16205 
16192 
16179 
16166 

161521 

16139 

161% 

" - *^*13 
16099 

lb. 160^ 
16073 
16060 
16046 

•> 16033 
16020 
16007 
15994 
15980 
15967 



19 
18 
17 
16 
15 
14 
13 
12 
11 






-10.15954 

; 15941 

.. 15928 

15915 

* 15902 

15888 



15875 4 



15862 
15849 
15836? 
15823 



10 
9 
8 
7 
6 
5 



$ee«nt. 



3 

2 

1 

_0 



r^r 



y?' 



/ /r^ 
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M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 



S'.n* 



C i-sire 



9.W177 
84190 

84J0.5 
84J1(> 
84'2J1>^ 

84J69 
aV282 
84295 



r-.ii>^ent 



84 Ul 
H4o.)4 
81347 
81160 
84 V 

84.v:b 

84411 
84424 



JO 

:u 

3'2 
i 34 



60 



y.856y3 

85'^'^! 
55669 

85657 
8564) 
856J2 
85620 
85608 
855% 
85583 

9.85571 
8555t) 
85-47 
85 J 34 
85522 
85510 

85497 
85435 
85473 
85460 



"9.93484 
98509 
935;>4 
98560 
98585 
98610 
986.35 
98661 
98686 
98711 



Co-iaiigf. I Secant^ 

31 



10.01516 
01491 
01466 
0144A> 
01415 
01390 
. 01365 
01339 
01314 
Oi:8,' 



C.-sp^»nt 



9.96737 
9876. 
98787 
98812 
9883S 
98863 
9vi888 
98913 
98939 
98964' 



10.14v3J< 
143r 
143 

14343 
14355 
14368 
14380 
14392 
14^404 
14417 



10.15H231 
158101 

iji7i5: 

15781 
15771 
15758 
15745 

15731 53 
15718 52 




15705 



9.84437 
84450 
8446.) 

' 84476 
84489 
84502 
84515 
84528 
8454^) 
84553 

IT 84566 
84579 

845'.)2 

84605 

. SiClH 

84630 

^4.'"43 
8.- 



9.85448 
85436 
85423 
85411 
85399 
85386 
85374 
85361 
85349 
85337 



9.98989 
99015 
99040 
99065 
99T)90 
99116 
99141 
99166 
99191 
99217 






y.84o.,: 

84707 
84720 
84733 
. 84?*5 
84758 
84771 
84784 
84796 
84809 



9.85324 
85312 
85299 
852S7 
8527.4 
85262 
85250 
85237 

, ^225 



85162 

85150 

85137 

85125 

85112 

851001 

85087 



lu. 01263 
0123H 
0121 
01188 
01162 
01137 
0111^ 

oiosr 

OlOol 
01036 

10.01011 
00985 
00960 
00935 
00910 
00884 
• 00859 
008.34 
DOvS09 
00783 



10.14429 
14441 
14454 
14466 
14478 
144^0 
14503 
14515 
14527 
14540 



y.99'242 
99267 
99293 
99318 
99343 
99368 
99394 
99419 
99444 

• 99469 



•Q 



10.14552 
14564 
14577 
14:»89 
14601 
14614 
14$S 
14^39 
14651 
14663 



10.00758 
00733 
• 00707 
00632 
00657 
00632 
00506 
00581 
00556 
00531 



10.15563 
15550 
15537 
15524 
15511 
' 15498 
15485 
15472 
15460 
15447 



10.14676 
1468^ 
14701 
14713 
14726 
14733 
14750 
14763 
14775 
14788 



9.84822 
84835 
84847 
84860 
84873 
84835 
84893 
84911 
84.)}3 
84936 
84949 



■'Ml 

- I 

9:; y- M 

99596^ 
99621 
99646 
99672 
99697 
'22| 



^n 00505 
0480 
'"i55 



1;. 



kV\ 



99r^ 



Ill 1 1» II I* 11 



9.85074 
85062 

. 85049 
85037 
85024 
85012 
84999 
{^4986 
84974 
84961 
84949 



Sine. 



9.99747 
99773 
99798 
998;'3 
99848 
99874 
99899 
99924 
• 99949 
99975 

10.00000 



Co-tansf. 



00:>-'" 
00303i 
C0278 

1j. 002*53 
00227 
00202 
00177. 

ooios : 
ooia*'! 

0010.; 
0007" 

ooof .; 

0005 

10.0000 ;'♦ 



10.14800 
1481 
14825 
14838 
14850 
14863 
: :'n'5 



1. 



Tan^en». [Cm^ 



I. 51 

: 'v' ^63 

:',>88 

:. ;00l 

i 014 

. :K)2G 
» J039' 
45C51 



iL 

10.15692 50 
15679 49 
15666 48 
15653 47 
15640 46 
15627 45 
15615 44 
15602 43 
15.589 ^ 
15576 41_ 

40 
39 
38 
37 

3<3 
35 

34 
31 

32 
31 

3C 

2S 
2^ 
27 

2t 

A- 

% 
% 
_21 

2C 
15 
W 
Vi 

\t 
\t 

1; 
\\ 

li: 



j; 



10.15434 
15421 

15403 
15395 
15382 
15370 
15357 
153^44 
15331 
. 153 18 

10.15306 
15-293 
15280 
15267 
15255 
15242 
15229 
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